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Abstract: The objective of this paper is to shed new light on the economic effects of GM 
agriculture on organic agriculture and their co-existence in the United States over 1996-2012. To 
do this, we first describe organic and GM farming systems, regulation, labeling, trends in 
production and consumer demand. Then, we turn to a discussion of the economic impacts of GM 
agriculture on organic agriculture and the more sensitive issue of peaceful co-existence. We 
discuss adventitious presence; segregation, coordination and identity preservation; spillovers and 
legal issues, insurance against uncertain events and local voting on local production methods. 
We also identify and examine some of the concerns raised by organic farmers about hardships 
placed on them by GM agriculture and the realities of the market for seed, food and feed. The 
likely evolution of these farming systems under alterative policies are identified and evaluated.  
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1 The authors are C.F. Curtiss Distinguished Professor of Agriculture and Life Science and professor of economics 
and graduate research assistant, Iowa State University. This paper was written as a white paper on coexistence 
between organic and GM farming systems with an advisory committee consisting of Karen Klonsky, Department of 
Agriculture and Resource Economics, University of California, Davis; Carmen Bain, Department of Sociology, 
Iowa State University; Jeff Wolt, Department of Agronomy and BIGMAP, Iowa State University; and Lowell 
Reinheimer, Organic Valley Coop. Manjit Misra, Agricultural and Bio-systems Engineering and Director of the 
Seed Science Center and BIGMAP (Bio-safety Institute for Genetically Modified Agricultural Products), Iowa State 
University, was director of the project and an unofficial member of the advisory committee. This advisory 
committee met twice at the beginning of the project (August 2011) to explore some of the relevant issues. We also 
received helpful comments on earlier drafts of this paper from Karen Klonsky, Jeff Wolt, Carmen Bain,  Drew 
Kershen, Tom Redick and Manjit Misra.  An earlier version of the paper  was presented at the 2012 BIGMAP 
Symposium, Ames, IA (April 18); the 2013 NC1034 Symposium on  New Agricultural Technologies, Tucson, AZ, 
(March 15-16); and the 2013 ICABR (International Conference on the Agricultural Bioeconomy), Ravello, Italy 
June 19-21.    Thanks to Kristin Senty for editing assistance. The project was funded by the USDA-APHIS through 
the ISU Seed Science Center and the Iowa Agricultural Experiment Station. Most of the work was undertaken from 
October 1, 2011 to September 30, 2012.          
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The Economics of Organic and GMO Farming Systems (in the US):  
 Interactions and How They Might Co-exist  
 
 Roughly over the last decade and a half there has been a dramatic increase in US food 
produced using organic and genetically modified (GM) production methods. In 2002, the 
Agricultural Marketing Service of the USDA implemented a new national set of standards for the 
production of organic food. It applies uniform standards to the permitted (and prohibited) 
methods, practices or substances that can be used in organic production, processing and handling 
by domestic and foreign producers. These standards are strictly process oriented and do not make 
any claim about the nutrient value or food safety. In order for a farm to be a certified organic 
producer under the USDA standard, the farmer must prepare an organic production plan that 
follows the national organic program (NOP) and have it certified by a USDA accredited certifier, 
and must maintain records of practices and material used, and have an annual inspection. Among 
other production inputs restrictions, the national organic standards prohibit the use of GM 
technology.  Only farms that are USDA certified organic can display the USDA’s organic seal.2 
 
GM cotton, soybean and corn varieties were first released in the United States in 1996. 
They included either herbicide tolerance (HT) or insect resistant (IR) traits. Later varieties have 
contained stacked traits of two to eight events, and more recently, output traits such as 
bioprocessing enzymes and improved oils. The US chose to regulate this new technology using 
existing legislation. New GM-crop varieties go through a regulatory process involving the 
USDA’s Animal and Plant Health Inspection Service (APHIS), the US Environmental Protection 
Agency (EPA) and or the Department of Health and Human Services’ Food and Drug 
Administration (FDA) evaluation, depending on the nature of the biotech event(s). However, if a 
GM product is considered substantially equivalent to a non-GM counterpart, as most have been, 
no indication of GM content is required on food labels of retail food products. Hence, the US 
does not have mandatory labeling of GM foods. 
 
 The objective of this paper is to shed new light on the economic effects of GM 
agriculture on organic agriculture and their co-existence in the United States over 1996-2012. To 
do this, we first describe organic and GM farming systems, regulation, labeling, trends in 
production and consumer demand. Then, we turn to a discussion of the economic impacts of GM 
agriculture on organic agriculture and the more sensitive issue of peaceful co-existence (Pew 
Initiative on Food and Biotechnology 2006). We discuss adventitious presence; segregation, 
coordination and identity preservation; spillovers and legal issues, insurance against uncertain 
events and local voting on local production methods. We also identify and examine some of the 
concerns raised by organic farmers about hardships placed on them by GM agriculture and the 
realities of the market for seed, food and feed. Economic, legal and biological realities seem 
likely to favor some regional specialization in organic production and while other regions 
continue in non-organic farming methods, including GM farming methods; but attempts to 
legislate production areas seem likely to heighten tensions and may be preempted by one or more 
                                                          
2 Farms that have less than $5,000 gross value of organic product sales in a year, e.g., those selling at small farmers’ 
markets, are exempt from the USDA certification/inspection process, i.e. do not need to prepare an organic system 
plan nor undergo costly certification of that plan (U.S. Code 2004, U.S. EPA 2011, USDA: AMS 2000). However, 
they must follow the National Organic Plan, the national food labeling requirements, and cannot display the 
USDA’s organic seal. However, they may be able to sell their product as “organic.”  
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national policies.  Seed production for all crops—organic, GMO and conventional—requires 
special production and handling measures to produce seed so that it has a high level of purity, 
and this is costly but is not new.  
 
 
Organic Standards and Requirements 
 
 Before World War II, there was no particular emphasis in the US on organic farming. 
However, the rapid post-war growth in usage of synthetic fertilizers and pesticides caught the 
attention of a small group of individuals that believed that nitrogen fixing plants, i.e., alfalfa, 
clovers and beans, should be the primary source of nitrogen for other plants, livestock waste, 
e.g., manure and other organic residuals, should be composed to reclaim other nutrients and 
organic matter, and that natural methods should be used to control farm pests. Consequently, in 
the middle of the last century there was a divide in farming systems. The great bulk of farmers 
continued to adopt profitable new farming technologies developed and steadily marketed by the 
chemical, pharmaceutical, seed, machinery and building-trades industries (Huffman and Evenson 
2006), but a small group of other farmers chose to go the organic farming system route, 
eschewing so-called synthetic/chemical fertilizers and pesticides and later GM-crops, but also 
using old livestock practices of free-range livestock and poultry—chickens, dairy cows, hogs and 
beef cattle. However, organic farmers have adopted some new technologies, e.g., use of 
composting of organic material to reclaim nutrients, mulches and plastic to help control weeds 
and evaporation from soils, microbial pesticides (e.g., Bt),  improved irrigation systems, and new 
non-GM crop varieties. Early organic farms were also small in size and tended to supply local 
food markets (Hoodes, et al. 2010).  
 
One of the first organizations to provide organic certification in North America was the 
California Certified Organic Farmers in 1973 (CCOF 2010), and starting in the early 1980s 
Oregon Tilth (Oregon Tilth) provided a second organic certification process.   A few states 
initiated organic certification before the national organic standard went into effect—Texas in 
1988 and California in 1992 (ConsumerReports 2003, Klonsky and Tourte 1996). However, 
some organic producers and consumers raised concerns about the various organic standards, but 
small organic producers did not want an expensive organic certification/inspection system. 
Although the national Organic Foods Production Act was passed in 1990, it was not 
implemented until October 2002 as the National Organic Program (NOP). Since the NOP was 
implemented, it has taken on a dominant role in organic food production, certification and 
marketing in the United States.  
 
The European Union, Japan, and Canada require organic food to contain at least 95% 
organic ingredients.  Australia does not have a national organic standard.   The Organic Crop 
Improvement Association International (OCIAI) and International Federation of Organic 
Agriculture Movements are two international organic accreditation agencies. The Organic Crop 
Improvement Association got its start in 1985 in organic certification, and in 1988 became 
Organic Crop Improvement Association International (OCIA International 2008).  The 
International Federation of Organic Agriculture Movements (IFOAM 2009) is a worldwide 
umbrella movement for organic agriculture. It has an organic accreditation program and has a 
long-term goal of setting a single international organic food standard. The Organic Trade 
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Association promotes organic foods, but does not certify.  The European Union (EU) has 
recently agreed to accept USDA Certified Organic as equivalent to the EU organic standard. 
 
The National Organic Standard  
 
 Diverse definitions of organic foods occurred as 35 or so US States had their own legal 
definitions by the 1990s. As organic production expanded and interstate commerce increased, 
this led to political pressure from some organic producers and consumers to nationalize the 
production practices for organic foods. The Organic Foods Production Act of 1990, under the 
1990 Farm Bill, required the USDA to develop national standards for organically produced 
agricultural products in order to assure consumers that agricultural products marketed as organic 
meet consistent, uniform standards. The Act required the USDA to establish an organic 
certification program based on recommendations of a National Organic Standards Board. As 
input to this standard, the USDA was also asked to review various existing organic certification 
programs (U.S. EPA 2011, USDA: AMS 2011, USDA: ERS 2010).  
 
The new legislation asked the Secretary of Agriculture to establish a national list of 
allowed synthetic substances that may be used, and a list of prohibited substances that could not 
be used in organic production and handling operations. Within the USDA, the National Organic 
Program was established and is administered by the Agricultural Marketing Service. The new 
program oversees development and implementation of national standards for organic foods 
produced domestically and abroad.  
 
Organic Production and Handling Standards. After the passage of the Organic Foods 
Production Act in 1990, there was a long comment period on the new legislation. The big three 
issues were the use of GM technology, sewage sludge, and irradiation that were allowable in the 
draft regulations and then deleted after the public comment period. Finally, in October 2002, the 
new national organic standards were in place, and they have since become the dominant standard 
for the organic food industry of the United States. However, neither the Organic Foods 
Production Act nor the NOP addresses food safety or nutrition of organic products. 
 
 Production standards for organic are “process based,” i.e., the national organic standards 
address the “production process” or the methods, practices, and substances used in producing 
and handling crops, livestock, and processed agricultural products. The requirements apply to the 
way that products are created, not to measurable properties of the resulting product itself. 
Although specific practices and materials used by organic operations may vary, the standards 
require every aspect of organic production and handling to comply with the provisions of the 
Organic Foods Production Act (USDA: AMS 2000).  
 
Food marketed as organic in the US cannot be produced using a plan that includes 
prohibited production practices, methods or substances (See USDA: AMS 2011). The organic 
crop production standards require that land will have no prohibited substances applied to it for at 
least three years before the harvest of an organic crop for sale. In particular, the organic system 
plan cannot include the use of genetic engineered inputs, synthetic commercial fertilizers, and 
sewage sludge in farm production or irradiation in organic food processing. Organic farmers are 
encouraged to manage soil fertility and crop nutrients through tillage and cultivation practices, 
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crop rotations, and cover crops, supplemented with animal and crop waste materials and a few 
synthetic materials. Although synthetic (chemical) fertilizers containing nitrogen, phosphorus, 
and potassium, and herbicides, pesticides, and fungicides are “prohibited substances” under the 
USDA organic standards, a few synthetic substances are permitted—vaccines to prevent 
livestock diseases, vitamins B1, C, and E fortification of livestock feed, and the addition of soil 
micronutrients such as boron products, sulfates, carbonates, oxides, or silicates of zinc, copper, 
iron, manganese, molybdenum, selenium and cobalt. Also, farmers can use organic pesticides or 
naturally occurring minerals, including Bacillus thuringiensis (Bt) sprayable pesticides, and 
copper sulfate.3   
 
Organic farmers are to use organic seeds and other planting stock when commercially 
available. Crop pests, such as weeds and diseases, must be controlled primarily through 
management practices including physical, mechanical, and biological controls. When these 
practices are not sufficient, an approved biological, botanical, or synthetic substance may be 
used. 
 
 Livestock standards apply to animals used for meat, milk, eggs, and other animal 
products represented as organically produced. The livestock standards require that animals for 
slaughter must be raised under organic management from the last third of gestation, or not later 
than the second day of life for poultry. Producers are required to feed livestock agricultural feed 
products that are organic, but may also provide allowed vitamin and mineral supplements. 
Producers may convert an entire distinct dairy herd to organic production by providing 80% 
percent organically produced feed for 9 months, followed by 3 months of 100% organically 
produced feed. Organically raised animals may not be given hormones to promote growth, or 
antibiotics for any reason. Preventive management practices, including the use of vaccines, are to 
be used to keep animals healthy.4 All organically raised animals must have access to the 
outdoors, including access to grazing pasture for ruminants. They can be temporarily confined 
only for reasons of health, safety, care for new born animals, or to protect soil or water quality. 
 
 All non-agricultural ingredients used actively in processed organic foods must be 
included on the national list of allowed substances. In a processed product labeled as “organic,” 
all agricultural ingredients must be organically produced, unless the ingredient(s) is not 
commercially available in organic form. Also, handlers must have a plan to prevent the 
commingling of organic with non-organic products, and protect organic products from contact 
with prohibited substances.  
 
 However, adventitious presence of GMOs or any other prohibited substance does not 
invalidate USDA organic certification. The NOP Final Rules provide the following direction: 
“The presence of a detectable residue of a product of excluded methods alone does not 
necessarily constitute a violation of this regulation. As long as an organic operation has not used 
excluded methods and takes reasonable steps to avoid contact with the products of excluded 
methods as detailed in the approved organic system and the unintentional presence of the 
products of excluded methods should not affect the status of an organic product or operation.”  
                                                          
3 See National Organic Act, section 205.601 for a list of synthetic substances allowed for use in organic production. 
4 Producers are prohibited from withholding treatment for sick or injured animals; however, animals treated with a 
prohibited medication cannot be sold as organic.  
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Steps for USDA-Organic Certification. The steps to become a certified USDA organic farming 
or handling operation include preparing an organic production (processing) plan that follows 
national organic standards, choosing a USDA accredited certifier, keeping records of practices 
and material used, and having an annual inspection. A three-year transition period is required for 
land used in organic production, unless records prove that no prohibited substance has been used 
in or near the production area during the last three years. An applicant must submit specific 
information to an accredited certifying agent. Information must include: (i) the type of operation 
to be certified; (ii) a history of substances applied to the land for the previous 3 years; (iii) the 
organic products being grown, raised, or processed; and (iv) the organic system plan, which 
describes practices and substances to be used in production (processing). Certification can be of 
a whole farm or handling operation or specified fields of a farm or parts of a handling operation, 
provided that certain conditions are met (U.S. Code 2004). The plan also must describe 
monitoring practices to be performed to verify that the plan is effectively implemented, a record-
keeping system, and practices to prevent commingling of organic and nonorganic products and to 
prevent contact of products with prohibited substances. 
 
Organic Labeling and the USDA Seal. The USDA’s organic seal or logo (figure 1) has 
provided a recognizable signal to consumers seeking organic food, and increases certainty that 
organic products was raised, manufactured and distributed according to the consistent, uniform 
standards (USDA: AMS 2000).  
 
 The national organic standards permit the following organic labels: (i) “100 percent 
organic,” meaning that the product contains 100 percent organically produced ingredients, 
excluding added water and salt. The label may include the USDA’s organic seal (see figure 1) 
and/or certifier’s seals(s); (ii) “Organic,” meaning that the product contains 95 percent organic 
ingredients, not counting added water or salt, does not contain added sulfites, and may contain up 
to 5 percent of non-organic ingredients. The label may state “Organic,” “X percent organic, or 
“X percent organic ingredients,” and may display the USDA’s organic seal (figure 1) and/or 
certifying agent seal(s); (iii) “Made with organic ingredients,” which means that the product 
includes at least 70 percent organic ingredients, not counting added water and salt, does not 
contain sulfites (except for wine which can contain sulfur dioxide), and may contain up to 30 
percent of nonorganic ingredients, including yeast. The label may state “Made with organic 
_______(specified ingredients or food groups),” “X per cent organic” or “X percent organic 
ingredients” and display the certifying agent seals(s), but cannot show the USDA organic seal;  
(iv) “Claim that product has some organic ingredients,” which means that the product contains 
less than 70 percent organic ingredients, not counting added water and salt. The label may list 
which ingredients are organic in the ingredient statement and display “X percent organic 
ingredients” when organically produced ingredients are identified in the ingredient statement. 
The label cannot display either the USDA organic seal or the certifying agent seal (USDA: AMS 
2000).  
 
The US NOP also streamlined the certification process for international producers. 
Farmers and handlers anywhere in the world are permitted to export organic products to the 
United States, provided they meet NOP standards, along with other regulatory standards, and are 
certified by a public or private organic certification body with USDA accreditation. As US 
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demand for organic food has grown, foreign producers in countries with less technically 
advanced agriculture, i.e., no GM corn or soybean and low rates of synthetic fertilizer and 
pesticide use, have become important suppliers of organic food to the United States. Imported 
organic food is to be technically equivalent to the USDA’s organic food standards.5 Also, the 
FDA regularly checks imported foods for pesticide residues and unsafe food additives, and 
rejects some of these products. 
 
In 2007, USDA-accredited groups certified 27,000 producers and handlers worldwide as 
meeting the USDA’s standards, with approximately 11,000 worldwide in over 100 foreign 
countries (Greene, Dimitri, et al. 2009). At that time, Canada, Italy, Turkey, China and Mexico 
accounted for more than one-half of foreign certified farmers and handlers.   However, no up-to- 
date data exist on the volume of organic imports.   
                         
Trends in Organic Agriculture 
 
 USDA, Economic Research Service (ERS) estimates report that the quantity of farmland 
under organic agricultural management increased from 1.3 million acres in 1997 to a little over 
7.0 million acres in 2008, or 5.3% of all agricultural lands. Over this time period, the share of 
organic cropland in all organic farmland decreased from 82% to 69%, due to the large increase in 
organic pastureland.  Growth in the area of organic lands was relatively slow in the 1990s, and 
was about 9% per year, but from 2000 onward, the rate of increase was 15-19% per year. At the 
same time, the number of US organic farms expanded from 5,021 to 8,493. The average size of 
certified organic farms in ERS data has increased from 268 acres in 1997 to 477 acres in 2005, 
but a significant part of this increase is due to the dramatic growth of certified organic acres of 
pastureland. Farmland devoted to fruit and vegetable production has increased at a modest rate—
at 3 and 5% per year, respectively—over 1997 to 2005.  
 
The special 2008 Organic Production Survey (USDA: NASS 2009) identified 14,540 
organic producers (certified organic and exempt).  Roughly 3,714 of these farms reported less 
than $5,000 of gross sales and were exempt from certification. However, 1,077 of the farms 
reported over $500,000 of organic product sales, which is much greater than the idealic small 
family organic farm (Dimitri and Oberholtzer 2009). 
 
 In 2008, across the big three crops (corn, cotton and soybean) where GM varieties are 
now dominant; there were a total of 277,000 organic acres with 60.5% in corn, 35.3% in soybean 
and 4.0% in cotton (table 1).  In terms of field crops, the ones with the largest share of organic 
acres are oats (2.9%), millet (2.2%), rye (3.3%), and flax (4.1%). Only 1.4% of hay is estimated 
to be organic in 2008.  
 
Across farms growing carrots, lettuce, tomatoes and potatoes, there were 59,000 organic 
(certified and exempt) acres, with lettuce accounting for 59.3%, and carrots, tomatoes and 
potatoes each accounting for 13.6% (table 1).  Among these vegetable crops, 8% of all acreages 
                                                          
5 Questions periodically surface about the quality of organic foods produced in China and imported to the United 
States (Allison 2012). If imported food has been certified to meet the USDA’s organic standard, it can be sold in the 
United States as organic. 
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of carrots were organic and 9.7% of all lettuce. In contrast, only 1.9% of all tomatoes and 0.7% 
of all potatoes were organic. 
 
Across tree nuts, citrus, apples, grapes and berries there were 77,000 acres, with grapes 
accounting for 35.1%, apples for 26.0%, tree nuts for 20.8%, citrus for 11.7% and berries for 
6.5% (table 1).  For particular crops, 5.2% of apples, 2.9% of grapes and 5.3% of berries were 
organic. Roughly 6.1% of herbs, nursery and greenhouse plants were organic.  
 
In terms of livestock in 2008, there were 64 thousand dairy cows (or 2.7% of all milk 
cows), 64 thousand beef cows (or 0.2% of all beef cows) and 144 thousand other cows (or 0.3% 
of other cows) engaged in organic production (table 1). Also, there were 10 thousand hogs and 
pigs (or 0.02% of all hogs and pigs) and 7 thousand sheep and lambs engaged (or 0.12% of all 
sheep and lambs) in organic production. For poultry, there were 5.5 million organic layers (or 
1.5% of the total), 9.0 million broilers (0.1% of the total) and 399 thousand turkeys (or 0.15% of 
the total).  Clearly, organic producing milk cows are the most significant livestock and poultry 
enterprise measured relative to the total number of a particular type of livestock and poultry. 6  
 
 Retail prices for organic food products are significantly higher than for other comparable 
products that are not organic. This higher price is due largely to the many restrictions that are 
placed on certified organic production (and processing). Over 1995-2008, the price of organic 
fruits and vegetables were generally 20-50% higher than for conventionally grown ones (USDA: 
AMS 2011, USDA: ERS 2011).  Over 2004-2006, organic milk costs consumers roughly 50% 
more than other milk (Dimitri and Oberholtzer 2009).  
 
 Figure 3 shows that in 2008, California, Wisconsin and Iowa have the largest number of 
certified organic farms, but California, Wyoming, Texas, and Wisconsin have largest number of  
certified organic acres (greater than 200,000) (Greene and Smith 2010).7 However, in Wyoming 
and Texas, this organic farmland is mainly pasture and rangeland. Very few certified organic 
farms and very little certified organic farmland exist in the Southeastern part of the United 
States. Likely due to the high cost of production— nutrient and organic matter depleted soils. 
 
The types of organic products purchased by consumers over the years have changed. In 
1997, organic fruits and vegetables were the top-selling organic product and this trend has 
continued to 2008; the latest year for which data are available (figure 2). As the decade has 
passed, however, consumers have started to purchase a wider range of organic products, with 
dairy, beverages, packaged and prepared foods, and bread and grains rising to 63% of the total 
organic sales in 2008, from 54% in 1997 (Dimitri and Oberholtzer 2009).8 
                                                          
6 Retail sales are one index of volume of organic milk produced. Retail sales of organic milk have increased from 
$450 million in 1997 to almost $3.5 billion in 2008, or an average of about 17 percent per year (unadjusted for 
inflation). Moreover, Dimitri and Oberholtzer (2009) discuss seeming shortages in the supply of organic milk in 
some seasons, regions and years. 
7 As a percentage of US organic sales, California accounts for 40 percent of organic vegetable sales, 26 percent of 
organic fruits, nuts and berries, and 23 percent of organic livestock sales (Klonsky 2010). 
8 Organic dairy products must make use of milk from animals raised organically for at least 1 year prior to producing 
the milk. The process used to bottle milk and to make and pack cheese, ice cream, yogurt, and other dairy products 
also must be certified as organic. The processor is required to keep organic and conventional products separated, and 
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Marketing channels for organic sales have changed over time to become more like those 
of non-organic foods. In 1991, 68% of sales were through natural products retailers, such as 
Whole Foods and food cooperatives, 25% through direct markets, exports and other, and 7% 
through conventional retailers, e.g., traditional grocery stores, such as Hy-Vee and Safeway, but 
also in big-box stores such as Wal-Mart, and club stores such as Costco and Sam’s Club. By 
2006, the share going through natural products retailers had declined to 44%, and direct markets, 
exports and other to 19%, but the share through conventional retailers had grown to 46% 
(Dimitri and Oberholtzer 2009). 
 
According to a survey of the Hartman group, which conducts high quality industry 
organic surveys, only 3% of consumers bought organic food weekly in the late 1990s. This 
increased to 19% in 2008 (The Hartman Group 2008). Nearly all studies find that consumers 
with higher levels of education are more likely to buy organic products (Dettmann and Dimitri 
2010, Zepeda and Li 2007). The impact of the number of children in the household and 
household income on purchases of organic foods has been inconclusive (Dimitri and Oberholtzer 
2009).      
                                                                                                                                        
What Can Consumers Conclude about USDA Certified Organic Products?  
 
Consumers no longer have to play a guessing game when it comes to organic foods. 
Consumers can be assured that the foods are produced without the use of antibiotics, hormones, 
synthetic pesticides and fertilizers, irradiation or bioengineering. Organic farmers must also 
adhere to a set of livestock practices giving animals more freedom and access to outdoor grazing. 
However, this processed based method is not designed to change nutrient content or food safety, 
nor does it guarantee that prohibited substances have not entered food products adventitiously. 
 
Consumers can easily misinterpreted organic to mean “pesticide free,” “GM free” or 
“environmentally friendly” (McHughen and Kershen 2005, Kershen 2012, Smith-Spangler, et al. 
2012). Although an approved production (processing) plan for organic food cannot include 
synthetic pesticides, the organic production plans can and do include the use of “natural” 
pesticides, which can also leave residuals and harm the environment. Synthetic pesticide residue 
could also occur as adventitious presence. Adventitious presence of prohibited materials at low 
levels does not prevent USDA organic certification.9 However, in a study of organic foods by 
Onozaka et al. (2006)10 found that consumers were willing to pay a significantly higher price for 
fresh organic fruits and vegetables compared to conventional ones, because they conceived of 
them as being “Non GMO,” “pesticide free,” or “environmentally friendly.”   
 
                                                          
must have a plan for preventing organic products from coming in contact with prohibited substances (Dimitri and 
Oberholtzer 2009).  
9 Regarding pesticides, certified USDA organic must meet only the requirement that pesticide residue is not more 
than 5 percent of the EPA standard for parts per million allowed on or in food.   
10 Gabriel et al. (2010) show that biodiversity in agriculture is not only related to the presence of organic and 
conventional agricultural, but also to interactions across these farming systems. Moreover, organic farms are shown 
to have more biodiversity for some species, but lower for other species.  
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Organic food is not necessarily produced on small farms, or locally with increasing 
importance of imported organic products and large scale production systems. Local producers 
were more likely to be the source fifteen or twenty years ago, but as the demand for organic 
products has grown, large farms, sometimes producing both certified organic and non-organic 
produce, and international producers, are suppliers of a growing share of organic produce 
(Dimitri and Oberholtzer 2009, Klonsky 2010). Dairy operations rarely have both organic and 
conventional production. Farms producing organic milk most often have small dairy operations; 
45 percent of milk producers have fewer than 50 cows, and 87% milk fewer than 100 cows in 
2005. Most of these farms are in the Upper Midwest and Northeast.  Large organic dairies with 
200 cows or more are a small portion of the organic dairy population, but account for more than 
one-third of organic milk production and are most likely located in the West (McBride and 
Greene 2009). The organic dairy farms of the West are much larger that organic dairies in the 
Upper Midwest and Northeast and tend to confine cows, but they are generally smaller than 
conventional dairies of the West. This is somewhat similar to conventional large dairies in this 
area, but a new requirement of pasture grazing of dairy cows may change this.  As of June 17, 
2011, organic dairy farms must comply with a new NOP regulation on pasture grazing. Their 
dairy cows must spend a minimum of 120 days per year outside grazing and receive an average 
of at least 30% of dry matter intake from grazing during this time period (Behar 2010). 
 
An important issue for some consumers in the organic-food debate is nutritional quality, 
given the significantly high cost relative to conventionally produced food (Tarver 2012). The 
organic seal of the USDA signals that a particular production process has been followed. 
However, some organic proponents, e.g., (Benbrook, et al. 2008), have argued that organically 
produced foods are on average nutritionally superior, especially when phytonutrients such as 
polyphenols and antioxidants are considered, but three other recent studies find no significant 
differences (Dangour, et al. 2009, Hunter, et al. 2011, Smith-Spangler, et al. 2012). Benbrook et 
al. reviewed 97 published studies and identified 236 “valid” study-crop matched pairs across 11 
nutrients with accurate and reliable data. The nutrients were four measures of antioxidants (total 
phenolics, total antioxidant capacity, quercetin, and kaempferol), three precursors of key 
vitamins (A, C, and E), two minerals (potassium and phosphorous), nitrates (high levels are 
disadvantage) and total protein. Their key finding was that in 145, or 61% of the matched pairs, 
organic foods were nutritionally superior, conventional foods were more nutritious in 87 or 37% 
of the pairs, and there was no difference in 2% of the cases. However, they caution that no 
evidence exists to support any general conclusion regarding differences in nutrient levels in a 
cross-section of organic and conventional fruits and vegetables obtained at the retail level.  
      
In a later study and one of the first major peer reviewed studies of differences in nutrient 
content of organically and conventionally produced food stuffs, Dangour et al. (2009) concluded 
that there was no significant difference (no better nor no worse) in nutrient content for 8 of 11 
nutrient categories (vitamin C, phenolic compounds, magnesium, potassium, calcium, zinc, 
copper and total soluble solids). They, however, found that nitrogen content was significantly 
higher in conventionally produced crops, and contents of phosphorus and titratable acidity were 
significantly higher in organically produced crops. The analysis of a small database on livestock 
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products found no significant difference between production methods for fats or ash.11 In the 
most recent study by Hunter et al. (2011), the absolute levels of micronutrients were found to be 
higher in organic than conventional food, and total micronutrient content as a percentage 
difference was higher in organics.12 Micronutrient levels were most likely to be higher in organic 
vegetables and legumes.  
 
The most recent (2012) study looked not only at nutrient content but also bacterial, fungal 
and pesticide contamination of various products (fruits, vegetables, grains, meats, milk, poultry, 
and eggs) grown organically and conventionally. There were 17 studies of populations 
consuming organic and conventional diets, and 223 studies that considered bacterial, fungal or 
pesticide contamination of various products. However, there were no long term studies of human 
health outcomes of individuals consuming organic versus conventional produced food. This 
study supports early ones cited above in that the authors found little significant difference in 
health benefits between organic and conventional foods. No consistent differences were seen in 
the vitamin content of organic products, and only one nutrient—phosphorus—was significantly 
higher in organic versus conventionally grown products, but few individuals are deficient in this 
nutrient. They also concluded that no difference exists in protein or fat content between organic 
and  conventional milk, but an open question is whether organic milk has more omega-3 fatty 
acid. The review also concludes that there is scant evidence that conventional foods posed 
greater health risks than organic products. Consistent with the other reviews cited above, the 
researchers found that organic produce had a 30% lower risk of pesticide contamination than 
conventional fruits and vegetables, but organics are not pesticide free. Overall, pesticide levels of 
US produced organic and conventional foods generally fell within the allowable FDA safety 
limits. However, organic chicken and pork did appear to reduce exposure to antibiotic-resistant 
bacteria, but the clinical significance was unclear.  The authors conclude that educated 
consumers must look beyond health effects to find a valid rationale for purchasing organic over 
conventional foods, e.g., taste or preference for particular farming practices that might affect the 
environment or animal welfare (Smith-Spangler, et al. 2012).   
 
Consumer Demand for Organic Foods 
 
A large amount of empirical evidence has accumulated showing how price variation of food is 
affected by quality factors, including the appearance of fresh produce. Physical appearance includes 
the intrinsic attributes of color, texture, size, uniformity, and other visible differences. In addition, 
consumers’ search for food variety extends beyond physical attributes into credence attributes. These 
credence attributes (Darby and Karni 1973) are quality factors that consumers cannot identify through 
normal use of the product, but that can be conveyed only through trust in the labeling. Some people 
                                                          
11 Even if organic production was largely local, there is debate about whether it is necessarily environmentally 
friendly, for example, having a low carbon footprint and greenhouse gas emissions (Sexton 2009, Cholette and Jog 
2011). 
12 Although micronutrients, vitamins and minerals are required only in tiny quantities by the body, a micronutrient 
deficiency can cause serious health problems. 
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claim that they can taste the difference between organic and nonorganic food, but taste is a subjective 
and personal consideration. For others, organically labeled foods are largely credence goods—the 
process-based standards for organic foods do not generally affect the taste or texture. In Basker 
(1992) and Fillion and Arazi (2002) no consistent pattern emerged. For grapefruit, grapes, carrots, 
spinach, sweet corn and tomatoes differences in taste were not significant. For mangoes and orange 
juice, the conventional type was preferred, while the reverse was true for bananas. However, some 
taste differences may have resulted from fruit being tasted closer to its optimum maturity.  In 
addition, organic fruits and vegetables may have a shorter shelf life or spoil faster because they are 
not treated with certain preservatives (U.S. EPA 2011). Also, organic produce may have less than 
perfect appearance—odd shapes, varying colors, smaller size, and blemishes on apples (Yue, Alfnes 
and Jensen 2009) and some other fruits because of weak organic insect control. Some consumers care 
about these attributes, but others may place less weight on them. 
A number of studies have shown that consumers are willing, on average, to pay more for 
organic than conventional beef (low or no growth hormone use), or fresh vegetables and fruit (low 
pesticide residual) when they have identical appearance. In particular, Yue, Alfes and Jensen (2009) 
found 75% of participants are willing to pay more for organic than for conventional apples given 
identical appearance. However, at the first sight of any imperfection in the appearance of the organic 
apples, this segment is significantly reduced. They find that the cosmetic damage has a larger 
negative impact on the willingness to pay for organic apples than for conventional apples. Thus, low 
pesticide use in organic products frequently comes with some price in fresh fruit—increased 
frequency of cosmetic blemishes, which consumers seem to care about. 
In a 2003 US national survey of consumers, Onyango, Hallman and Bellows (2007) show 
that other attributes of food also matter. They found that the food naturalness aspect (no artificial 
flavors or coloring), vegetarian-vegan identity (persons who do not eat meat or animal products) 
and US-production-location considerations were critical in determining the regularity of organic 
food purchases. The food-familiarity aspect (whether the respondent has consumed a food 
previously or prefers a familiar brand) was negatively associated with organic food purchases. 
Females and young people tend to buy organic foods on a regular basis, as do the more 
politically liberal and moderately religious. The study shows that factors beyond socio-economic 
ones, such as public opinions about the characteristics of food, are important to food 
consumption decisions. 
 
 
Genetic Engineering and Agricultural Biotechnology 
 
 The potential for commercial production of genetically engineered plants emerged in the 
mid-1990s. However, new scientific discoveries were first required. By the mid-1940’s, research 
on deoxyribonucleic acid (DNA) was progressing steadily. Avery (1944) discovered that DNA is 
the material of which genes and chromosomes are made, and James Watson and Francis Crick 
made the landmark discovery (1953) of the structure of the DNA molecule—a double helix—
and shortly, thereafter, showed how it replicates (Alcamo 2001). Hence, genes on chromosomes 
provide the genetic instructions—blueprints—used in the development and functioning of all 
living organisms, except for a few special viruses. 
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In the 1970’s, scientists attempted to discover a method for transferring genes across 
species, an event that occurs infrequently in nature. Stanley Cohen and Herbert Boyer discovered 
recombinant DNA (1973), a method by which genetic material could be cut into small pieces and 
inserted into another species. This technique provided the basis for transgenic GM organisms, or 
genetic engineering, and the GM revolution that followed (Alcamo 2001). In 1980, Stanford 
University applied for a patent on the Cohen-Boyer gene splicing technique, which has been 
widely used. Many years of research, much of it occurring in commercial laboratories and start-
ups, was necessary before successful application of recombinant DNA techniques were 
successful. In parallel with this intense research effort, a regulatory structure emerged in the US 
that was built on existing institutions and societal concerns (Just, Zilberman and Alston 2006). 
This regulatory process provided a process for evaluating and approving GM events. Zilberman 
(2006), however, argues that the evaluation process that has emerged underestimates the 
environmental costs of the technology displaced by GM crops by ignoring the significant 
environmental costs associated with conventional chemical pesticides that have been used in 
cotton, corn, soybean and canola production, and which are supplanted by GM crops.  
 
Innovation in GM Traits for Major Field Crops 
 
 A high priority of the crop biotechnology industry was the development of a new and 
effective biological insect control, or a trait that, when inserted into a plant, conferred insect 
resistance (IR) against harmful and difficult to control insects, e.g., the European corn borer and 
the budworm and bollworm complex in cotton. The industry turned to bacteria that occur 
naturally throughout the soil environment and to Bt in particular. The organism Bacillus 
thuringiensis in its natural form has been used since the 1920s by both organic and other farmers 
to help control insects, and in its natural form. However, the limited efficacy and stability of 
these products led the biotech industry to insert the Bt gene into plants, and the resulting 
transgenic Bt plants were frequently resistant to targeted insects.  
 
Several advantages exist for Bt crop varieties. First, the level of toxin expressed can be 
very high, thus delivering a lethal dosage to target insects. Second, the toxin can either be 
expressed selectively in the plant or throughout the plant. The key feature is that the toxicity 
needs to be present during the period in which the target pest is actively attacking the plant. 
Hence, only those insects that feed on the plant are directly affected, e.g., cotton bollworm and 
budworms, various types of corn borers and earworms, and corn rootworms.13 Third, the 
expression of toxin can be modulated by using tissue-specific promoters. Fourth, insect 
resistance GM technology replaces the practice of applying some chemical pesticides, which 
frequently carry environmental and health risks. Fifth, the Bt toxin expressed in plants is not 
toxic to humans or animals.14  
 
                                                          
13 Bt produces spores that form the crystal protein insecticide δ-endotoxins. The protein toxin is selectively active 
against species of the order Lepidoptera, Diptera, Coleoptera, Hymenoptra and nematodes. When these insects 
ingest toxin laden crystals, chemicals in their digestive tract activate the toxin. It inserts into the insect’s gut cell 
membrane, dissolves it, and eventually causes the death of the insect. 
14 Some have claimed that non-target pests are affected, e.g., the Monarch butterfly. However, these claims have not 
been verified (Gatehouse, Ferry and Raemaekers 2002, Bennett, et al. 2004). 
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Although the early Bt corn varieties were resistant to the European corn borer, they were 
also somewhat resistant to the corn earworm, the southwestern corn borer, and to a lesser extent 
the stalk borer (Fernandez-Cornejo and McBride 2002). Later, Bt-corn varieties also carried 
resistance to corn rootworms, which are a pest that reduces, and weakens the root structure of the 
corn plant. This can affect nutrient and water uptake, and standability of the corn plant. 
Recognizing the potential for long-term development of resistance to Bt technology, the EPA has 
established refuge requirements, which are in a constant state of flux as new GM technologies 
are developed and tested.15  New evidence shows that non-GM corn and cotton farmers are 
beneficiaries from some farmers planting GM corn and cotton varieties. The reason is that area-
wide moth counts have been steadily declining as the Bt-corn adoption rates in an area increase 
(Hutchison, et al. 2010).  There is some evidence of erratic GM rootworm control and of 
resistance is occurring.  
 
While herbicide tolerant (HT) crops were not an early objective of private sector GM 
field crop research, herbicide tolerance due to glyphosate has generated large profits directly to 
Monsanto, which owned the patent on the commercial herbicide Roundup®, and to Pioneer, 
which obtained a favorable license to Roundup Ready® HT technology. Also, HT has been 
especially valuable to farmers producing soybeans, but also to farmers producing cotton, corn 
and canola, the reason being that soybean plants do not compete well with weeds. In corn and 
cotton, weed control has generally been a less significant problem, but GM weed control, which 
reduces competition for water and nutrients, has been shown to increase corn yields when Bt 
traits are present (Nolan and Santos 2011).  
 
Glyphosate tolerance is the most common source of HT. Glyphosate is a broad spectrum, 
non-selective, post-emergence herbicide, and it is highly effective against the majority of annual 
and perennial grasses and broadleaf weeds. Also, glyphosate has favorable environmental 
features such as rapid soil deactivation and degradation to natural products, little or no toxicity to 
non-plant life forms, and minimum soil mobility (Kishore, Padgette and Fraley 1992, NRC 2010, 
Wesseler, Scatasta and Fall 2011). (Wesseler, Scatasta and Fall 2011). When HT exists, the 
toxicity of a plant can be reduced by a factor of several thousand, and hence, the plant may 
exhibit no negative effects of direct contact with glyphosate.  
  
Over the past decade, some weeds, e.g., pigweed, horseweed, Palmer amaranth, and 
kochia, have slowly gained resistance to glyphosate, the active ingredient in Roundup®, a 
herbicide that has been used for weed control for decades  (Neuman and Pollack 2010, NRC 
2010, Shaw, et al. 2012).  To control these super weeds, farmers have turned to other herbicides, 
e.g., glufosinate, dicamba and 2-4, D (Waltz 2010), and returned to periodic intensive tillage and 
hand weeding.  
 
Regulation of Release and Labeling of GM Traits 
 
In the US, two types of regulations are important for GMOs: (i) approval to release into 
the environment or distribution to farmers; and (ii) labeling of food products as being safe for 
consumption. In anticipation of new, genetically engineered products, the US government in 
                                                          
15 Initially, the EPA established a refuge requirement of 20 percent for Bt corn (NRC 2010). New Bt technologies 
have sometimes had a smaller refuge requirement. 
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1986 chose to use existing health and safety laws to regulate agricultural biotechnology under 
what is called the Coordinated Framework for Regulation of Biotechnology (Vogt and Parish 
1999, Lasker 2005). As a result, federal regulation of US agricultural biotechnology is shared 
across three agencies, with roles that are sometimes complementary and sometimes overlapping. 
The USDA’s APHIS has jurisdiction over the planting of genetically engineered plants and 
veterinary biologics; the EPA has jurisdiction over pesticides engineered into plants, microbial 
pesticides, and novel microorganisms; and the FDA has jurisdiction over food and feed safety 
uses of biotechnology (Just, Zilberman and Alston 2006).  
 
APHIS’s regulations provide procedures for obtaining a permit prior to developing or 
importing organisms altered or produced through genetic engineering that are potential plant 
pests.  Hence, APHIS has the responsibility for evaluating and approving requests for GM field 
testing, i.e., for releasing GMOs into the environment. To do this, it has defined “biotechnology” 
to mean the use of recombinant DNA technology, or genetic engineering to modify living 
organisms, and it regulates certain genetically engineered organisms that may pose a risk to 
plants or animals, e.g., biopharmaceuticals. In addition, APHIS participates in programs that use 
biotechnology to indentify and control plant and animal pests. In particular, APHIS’s 
Biotechnology Regulatory Services regulate the introduction—importation, interstate movement, 
and release into the environment—of genetically engineered organisms that may pose a risk to 
plant health. APHIS’s Veterinary Services National Center for Import-Export regulates the input, 
export, and interstate movement of all animals and animal productions—tissues, blood and 
semen. At this time, only research materials and non-commercial GM animals exist.  
 
The FDA regulates foods and feed derived from new plant varieties, enforces pesticide 
tolerance on foods under pre-existing food safety laws, and requires that genetically engineered 
foods meet the same safety standards as required of all other foods. If substances added to food 
through genetic engineering are significantly different from substances currently found in food, 
then they would be treated as food additives. However, most food crops currently being 
developed using biotechnology do not contain substances significantly different from those 
already in the diet, and everything commercialized, to date, has not required pre-market 
approval. 
 
If a plant is engineered to produce a substance that “prevents, destroys, repels, or 
mitigates a pest,” i.e., is a pesticidal substance, including plant-incorporated protectants such as 
Bt, the EPA considers it to be a pesticide, just as for chemical/synthetic pesticides, and it 
regulates the distribution, sale, use and testing.16  The EPA also has the authority to set tolerance 
levels for substances used as pesticides on and in food and feed, and to regulate GM microbial 
pesticides intended for commercial use. In the case of herbicide-tolerant crops, the EPA regulates 
the herbicide and APHIS regulates the crop. 
 
                                                          
16 By 2003, the EU had approved two GM events for commercial cultivation by farmers, Bt176 and MON810, but 
since then no new approvals for GMO cultivation by farmers has occurred. MON810 has seldom been used. The 
only GM event in use in the EU is MON810 hybrid corn varieties. Most of the GM corn acreage is in Spain with 
small acreage in five other countries (Commission of the European Communities 2009). 
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In the US, the FDA has the authority for GM food labeling policy, and it has taken what 
they describe as a scientific approach.17 In 1992, new regulations stated that GM food did not 
have to be labeled if it had the same characteristics as the non-GM counterpart (Lasker 2005). 
Moreover, in January 2001, the FDA issued a guideline known as the “principle of substantial 
equivalence.” This principle is a key part of the current risk assessment process used to evaluate 
the safety of new foods produced using biotechnology. In essence, the concept of substantial 
equivalence are that novel crops or foods, such as those made using genetic engineering, can be 
compared with similar conventional crops or foods that have established histories of safe use, 
given certain known risks. A number of properties of the novel and similar conventional 
products, including the levels of nutrients, toxic substances, and potential allergens, may be 
compared taking into account established patterns of processing and consumption. If the 
comparison reveals that there are no significant differences between the two kinds of food, the 
novel food is presumed to be as safe as the conventional food. Hence, substantial equivalences 
are not an evaluation of the absolute safety of a novel biotech product, but it is a practical 
method for establishing food safety of novel foods relative to analogous convention products. To 
date, no GM food has been required to be labeled.  However, firms are encouraged to notify the 
FDA at least four months before putting new GM food and feed on the market, and the scientific 
description of the product is to be posted on the web for review during this time.  
 
In contrast, the European Union enacted the Novel Foods Regulation in 1997, which 
implemented a mandatory labeling policy on GM foods. This policy required that any GM food 
on the market be shown to not harm human health and must be labeled as having GM content if 
GMOs could be detected in the final product (proof-of-content labeling) (GMO Compass 2005). 
The Novel Foods Regulation left several exemptions to labeling and did not define a standard for 
the percentage of a product that could be made with GM material before it must be labeled. For 
these reasons, the Commission of the Council modified this standard in January 2000 by 
requiring that all foods require the label “genetically modified” if any ingredient in the food is at 
least one percent GM.  
 
In April 2004, the EU changed its regulatory policy on GMOs. It required that all 
products that make direct use of GMOs at any point in their process-based criteria must be 
labeled as GM, irrespective of whether or not GM content could be detected in the end-product. 
This new labeling policy required that a traceability system be in place, which is much more 
expensive than the old system. 
 
Under this regulation, GM content thresholds apply. If a GM event has been authorized in 
the EU and a producer or processor has made every effort to avoid GMOs, then the threshold for 
adventitious GMO content for mandatory labeling was set at 0.9% (GMO Compass 2005). 
Furthermore, if a GM event was used to produce a food product to be imported and had not yet 
received authorization in the EU, but had, nevertheless, been subjected to scientific safety 
evaluations in Europe, the tolerance level was set at 0.5% GMO content level over 2004-2007.  
Without this tolerance, there would be “zero” tolerance for any trace of this GM event in grain 
imports to the EU.  In 2007, this threshold level dropped to zero (0.0%t GMO content permitted) 
causing disruption of corn exports, including processed feeds, to the EU from the US and Sourth 
                                                          
17 Some critics of the FDA have argued that its approach is also affected by politics. See the last major section of the 
paper for a discussion of interest group public policy. 
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America. After this policy caused a significant disruption in the EU imported feed market for 
livestock from 2007 onward, i.e., a major shortage in livestock feed, and in July 2011, the EU 
agreed to allow traces of unapproved GM material in animal feed imports—a threshold of 0.1% 
of unapproved GM content was established (EurActiv and Reuters 2011).18  
 
In the United States, firms also have the option of voluntarily labeling for GM content. 
However, the FDA has mandated certain guidelines that must be followed. Food labels cannot 
use the phrase, “genetically modified.” The reason being that consumers surveyed by the FDA 
found that this misleads consumers into thinking the product has different characteristics. The 
FDA prefers that foods be labeled as “genetically engineered” or “made through biotechnology.”  
 
Over the period 1985 to 2010, APHIS approved a relatively large numbers of field-tests 
of GM crops. Most were for major crops: corn with 7,030 applications approved, followed by 
soybeans (1,763), cotton (969), potato (832), tomato (658), wheat (421), alfalfa (409), tobacco 
(381), rapeseed (290) and rice (266). See USDA, APHIS 2011. The total number of phenotypic 
traits numbered 20,498;   29.3% with HT, 22.3% with IR, 18.5% with agronomic properties,   
7.2% with virus resistance, 5.4% with fungal resistance, 1.0% with bacterial resistance, and 
16.2% with other traits. Hence, a broader set of GM traits have been approved for field testing 
than HT and IR, but most of commercialized traits have been for HT and IR traits, first as single 
traits, HT or IR, but later as stacked traits, e.g., HT and Bt. 
 
GM Crops Followed New Developments in Intellectual Property Rights 
 
New intellectual property rights extended to plants provided the protection for private 
sector development of GM crop varieties in corn, cotton, soybean, canola and alfalfa. In 1972, 
plant variety protection certificates (PVPCs), which provide a new type of breeders’ rights, 
provided rather weak protection of intellectual property incorporated into new plant varieties. Of 
most importance was the extension of patents to plants in 1985. These new property rights led to 
a flurry of private sector innovations (Huffman and Evenson 2006, Huffman 2011). 
Early patenting activity for GM corn varieties was higher than for soybean, but both rates 
were low through the 1990-94 period (Moschini 2010). However, over 1995-99, more patents 
were issued than were PVPCs on corn and soybeans. Both PVPC and patents issued were higher 
in 2000-2004 than in the previous five years. Over 2005-2009, the rate of issuance of patents for 
corn and soybean varieties were roughly twice as high as for the previous five-year period. In 
contrast, the number of weaker PVPCs issued declined dramatically.  
GM crop acreage in the US was zero in 1995. By 2008, there were 60.7 million of GM 
corn acres (or 77.2 % of harvested area), 68.5 million acres of GM soybeans (or 91.1% of total 
harvested area) and 6.7 million acres of GM cotton (or 87.1% of harvested area). (See table 1)19 
Moreover, the average rate of increase in GM acres in these three crops is a compound average 
rate of 107% per year (James 2009). The leading states in GM-corn production are: IA, IL, NE, 
                                                          
18 As of July 2011, a total of 36 GM crops (corn, soybean, rapeseed/canola, sugarbeet and cotton)  were approved for 
importing and processing and or for food and feed in the European Union (but not for cultivation) (EuropaBio 
2011). Most of these were for feed uses. 
19 In 2008, organic acreage of these three crops is not larger than 0.2 percent of total acreage. 
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MN, IN, SD, KN, OH, WI, MO, TX, ND, and MI.  The leading states for GM- soybean 
production are: IA, IL, MN, IN, MO, NE, OH, SD, ND, AR, KS, MI, and WI.  The leading states 
in GM-cotton production are: TX, GA, AR, NC, MS, MO, TN, CA, LA, and LA.  Hence, GM 
corn is produced primarily in Midwestern States, GM soybeans are produced the Midwest and 
South, and GM cotton is produced largely in the Southeast (USDA: NASS 2009).  
 Although the US adoption rate for HT-soybean varieties was initially lower than for Bt-
cotton, HT-soybean varieties have experienced very rapid adoption rates over 1997-2007, except 
for a brief setback over 1999-2000, being 85% of planted acres in 2004 and 93% of acres in 2010 
(figure 4). Compared to GM cotton and soybeans, the development of HT- and IR-corn varieties 
started more slowly. In fact from 1998-2000, the GM adoption rate for HT corn declined a little, 
and over 1999-2000, the Bt corn adoption rate declined significantly, deviating from the trend by 
more than 10 percentage points.  After 2000, the IR and HT corn adoption rates increased slowly 
until the mid-2000s, when the pace picked up. In 2004, 47% of US corn acreage was planted to 
varieties with one or more input trait. By 2010, this adoption rate had reached 86%. 
Why did GM Crops Get a Better Reception in the US than Europe? 
 
According to Schurman and Munro (2009), the global commodity chain was vulnerable 
in the late 1990s to attack by anti-GM activists, including Greenpeace and Friends of the Earth. 
This attack was most effective in Great Britain and other members of the European Union (EU), 
but much less effective in the United States. The new GM crops were seen as being no different 
from those made using more traditional methods and useful to farmers in the United States. In 
contrast, the EU adopted a more precautionary approach, and the new GM technology also had 
much less potential for farmers in the EU (Prakash and Kollman 2003). Moreover, Monsanto had 
a better image with farmers (and the public) in the US than in Europe. The retail food industry in 
Britain was much more concentrated than in the United States, making it easier for anti-GM 
groups to disrupt the food retailing system in Britain. In addition, regulators in the EU were 
sympathetic toward mandatory labeling of GM foods, thereby “letting consumers choose,” but in 
the US, GM foods were declared to be substantially equivalent to similar non-GM foods, i.e., 
safe for consumers and the environment, and, hence, no special labeling was required. When 
food in Britain was labeled as having GM content, anti-GM activists quickly targeted those 
stores carrying these products with anti-GM demonstrations. The retail food industry in Britain is 
much more concentrated than in the United States, making it easier for anti-GM groups there to 
disrupt the food retailing system.  Under this pressure, British food retail chains quickly removed 
GM-labeled food from their stores. In the spring of 2000, the EU placed a temporary moratorium 
on further releases of GMOs cultivation by EU farmers (Schurman and Munro 2009).  Hence, 
this new political climate toward GM food in Europe in the late 1990s added new uncertainties 
about the future success of GM crops worldwide and caused a temporary decline in GM food-
crop adoption rates (figure 4).  
Moreover, GM politics have kept GM wheat on the sideline. By the early 2000s, HT 
wheat varieties were available that could have been released to US farmers. However, US wheat 
exporters feared a negative reaction in the world wheat market (Wilson, Janzen and Dahl 2003, 
Taylor, DeVuyst and Koo 2003). Wheat is primarily a food grain, while (yellow) corn is a 
primarily a feed grain, cotton is a fiber crop and soybeans are a livestock meal and oil crop. In 
addition, the processing of soybeans into refined oil eliminates the GM trait. 
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Environmental Benefits of GM Crops 
 Early concerns about the negative effects of GM crops on the environment have proven 
to be almost negligible, while a number of positive environmental effects have been observed, 
namely effects on habitat conservation, biodiversity, spillover effects to following crops, and 
pest suppression in multiple crops. While some negative effects of GM crops on nontarget pests 
and plants (e.g., weeds) have been observed, overall negative impacts on biodiversity have not 
been confirmed. The effect of HT crops on biodiversity of nontarget flora has been negative, but 
this is not surprising, given the objective of the technology. With suppression of weeds, 
environmental benefits of more efficient use of nutrients and water, increasing yields, and higher 
quality of harvested product and reduced postharvest energy costs associated with cleaning and 
drying crops have occurred. These are favorable environmental effects that are ignored in many 
discussions of GM crops (Wesseler, Scatasta and Fall 2011). However, these authors argue that 
the positive effects of HT crops in combination with the adoption of reduced- and no-till systems 
and the productivity gains of GM crops on biodiversity and habitat conservation have not 
received much attention.  Similarly, the spillover effects on nontarget flora control on following- 
crops are just starting to be addressed.  However, weeds that are tolerant of glyphosate are 
developing in some high intensity HT-cropping sequences, and they are receiving attention of the 
biotech industry, e.g., duo or triple chemical resistance crop varieties or multiple modes of weed 
control. Overall, GM crops have had a net positive environmental effects, but environmental 
groups and regulators tend to focus on possible adverse outcomes, ignoring the diverse set of 
benefits and there social value.  
What Can Consumers Conclude about GMOs? 
All released GM food crops in the United States have been substantially equivalent to 
previously marked food products, including some soybean varieties that have improved oil 
profiles. GM crops approved for pharmaceuticals are to be segregated from food crops, but 
adventitious presence can and has occurred. However, no adverse health consequences from 
human consumption of the products have been documented. New empirical evidence shows that 
Bt corn has reduced the levels of harmful mycotoxins in corn products (Wu 2006a, Wu 2006b).  
As mentioned above, some weeds have become resistant to Roundup® but no general resistance 
problem has developed for Bt technology.  This is an important issue with organic farmers 
because Bt is an allowable input in growing organic produce.  
Given that the United States does not have mandatory labeling of GM foods, no general 
market information is available on consumer acceptance. However, evidence exists from food 
experiments. These studies have documented that consumers, on average, discount GM foods 
made using GM, HT and IR. Rousu et al. (2007) conducted economic experiments in 2001 to 
assess consumers’ willingness to pay for GM versus plain/conventional food products. 
Willingness to pay was assessed in an experimental auction setting where bids were placed on 
vegetable oil, tortilla chips and potatoes. They found that participants in their experiments, who 
were adults from two major Midwestern cities, on average, discounted foods with a GM label by 
15%, relative to those with a plain food label. However, they also showed that consumers’ 
willingness to pay for GM products was strongly affected by diverse information. In more recent 
experiments using fresh vegetables that were enhanced with high levels of antioxidants and 
vitamin C, consumers were shown to pay a premium for these GM products when the genes for 
the attributes came from within the species (Colson, Huffman and Rousu 2011). 
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Effects of GM Agriculture on Organic Agriculture and Co-existence 
Agricultural production requires a wide range of inputs, and seeds, for example, may 
contain low levels of unwanted materials. For almost a century, US seed producers have been 
taking special precautions to protect the purity of their seed, including using physical and 
biological buffer zones and careful handing. However, the precision of scientific measurement 
has advanced rapidly over the past 20 years, and even smaller levels of unwanted physical and 
biological materials can be measured. In the big three GM crops, the area of GM is roughly 500 
times more common than organic. However, aside from these crops, the dominant share remains 
in non-GM, non-organic, or “other crops,” as displayed in table 1. Non-organic production is the 
dominant type for livestock and poultry production (table 2).   During the 1990s, the area in 
organic crops was increasing at about 9% per year, but increased to roughly 15% per year since 
then. Over the 15 years since the introduction of GM corn, soybean and cotton varieties, the rate 
of increase of GM crops increased at roughly 100% per year.  Over the latter period, tensions 
between organic and GM interests have sometime run high, most recently with regulator’s 
decisions on GM alfalfa.   
Agriculture is largely an open-air production system where pollen sometimes drifts 
beyond a farmer’s field(s), and the products are harvested with equipment and moved along a 
marketing chain where adventitious mixing of GM and conventional products with organic 
products may occur.  Adventitious presence of GMOs does not seem likely to prevent a certified 
organic farmer (or processor) from selling his product as USDA organic. Moreover, no 
documented claims exist where organic produce has been rejected because it did not meet the 
USDA’s organic standard. However, some organic producers have signed contracts with 
processors or trade groups to meet a lower standard of adventitious presence and at low 
tolerances for GM content (e.g., 0.9% to the EU or the “Certified nonGMO” standard used by 
WHOl Foods Market and other US retailers, the risk of exceeding the tolerance increases. 
Growers may enter into such contracts without recognizing the risk of seed impurity over 1%, 
commingling after harvest and othe potential sources of non-organic content that cn lead to 
higher GM content. Even if they receive a premium, this may not cover their costs.  
 The recent agreement by the EU to accept the USDA’s organic standard will not help US 
organic growers avoid the high cost of meeting low tolerances, since its labeling tolerance is 
0.9% for GM content with still apply. Some domestic and overseas customers require tolerances, 
some under 5%, and trade disruption can occur, if those tolerances re exceeded.  
Adventitious Presence is Common    
It is impossible for farmers to grow and harvest an entirely pure crop, i.e., adventitious 
presence of weed seed, seeds from volunteer plants, dirt and other unwanted materials, including 
unwanted “off-types” of genetic events (GM content). These foreign materials regularly reduce 
the purity of grain and oil seeds. While farmers face incentives to keep these “foreign” materials 
at low levels, but it is too costly to attain zero levels (McHughen and Kershen 2005) and 
achieving the 0.9% level is increasingly being required may pose a challenge to many US 
organic growers of corn, soybeans, canola and other food crops grown in proximity to GM 
varieties of the same crop.   
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Surprising sources of contamination may occur. For example, in 2000, StarLink™, a corn 
variety engineered to produce protein toxic to various insect pests of corn, was approved only as 
animal feed in the United States. It surfaced in corn chips and other food products throughout the 
United States, and this prompted a product recall. StarLink™ corn was commingled with other 
field corn in the marketing chain after it was harvested (Uchtmann 2002).  Many Non-
StarLink™ farmers in the Midwest felt that the market price for US corn was depressed by this 
accidental contamination of US corn for grain.  Some of these farmers filed a class action law 
suit against Aventis Crop Science, the developer, for property damage (due to lost market value, 
transportation, and storage costs results from actual contamination of their crops, fields, 
equipment, and property) and profit loss (due to reduction in market price of corn due to the 
presence of StarLink™).  Related to these losses, Carter and Smith (2007) show that the 
StarLink™ event led to a 6.8% price discount for US corn that persisted for at least a year. Other 
analysts suggest that the overall effects of StarLink™ on import demand for US corn were 
minimal (Schmitz, Schmitz and Moss 2004). The court claim was settled for $110 million in 
February 2003. 
In 2002, transgenic corn plants engineered to produce a vaccine came up from seed 
scattered in the previous year’s harvest of experimental trials in the United States. This discovery 
led to incineration of plants, both corn and soybean, and grain in bins thought to have the 
contamination was destroyed.  
In 2006, the USDA found trace amounts of Bayer’s LibertyLink® HT trait in US 
farmers’ long-grain rice, and in 2011, Bayer Crop Science agreed to pay $750 million to settle 
claims with approximately 11,000 farmers in Texas, Louisiana, Missouri, Arkansas and 
Mississippi that a strain of Bayer’s GM rice tainted their rice crops and ruined their export value 
(Organic Trade Association 2011). These various examples of unintended trait presence in grain 
channels were a consequence of failure in compliance measures for production confinement and 
post-harvest channeling. 
Therefore, even though certain methods can reduce the probability and amount of 
adventitious presence of GM content in organic products in the United States, it cannot fully 
eliminate them due to biological factors and the economics of compliance. It is infinitely costly 
to reduce adventitious presence to zero. Hence, in the US an absolute zero threshold for 
adventitious presence cannot be achieved in organic, GM or conventional-non-GM crops. For 
this reason, industry standards for purity of crops need to be and are set at less than 100% 
(McHughen and Kershen 2005).   
Adventitious presence of GMOs in organic products is seen by US organic farmers as 
“GMO contamination.” However, “contamination” is a value-laden word suggesting that GM is 
“bad,” which one reviewer suggested is too broad of a generalization. However, adventitious 
presence of GMOs is a serious issue with organic farmers. Recently, ERS conducted focus group 
studies to examine organic farmers’ view of risks from activities of other farmers (Greene and 
Smith 2010). “Contamination of organic production with GM crops” was seen as a major risk, 
especially among grain, soybean and cotton farmers. Organic farmers expressed considerable 
concern about risks to them from the use of GM crops by other farmers. Contamination by 
pollen-drift from genetically engineered crops is seen as a particularly serious risk, e.g., organic 
farmers expressed a concern that GM varieties may destroy the effectiveness of natural pest 
controls. This arises from the practice of many organic farmers using Bt-based foliar pesticides, 
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which are an approved product.20 Also, a general concern was expressed about liability for 
adventitious presence.21  
No documented evidence exists to confirm anecdotal reports of organic farmers or 
processors failing to meet the USDA’s organic standard due to adventitious presence of GMOs. 
In one recent case involving an organic certifier who was denied certification to an organic grwer 
from repeated pesticide contamination, which is analogous to GM content, the Minnesota 
Supreme Court confirmed that the USDA NOP does not penalize such adventitious presence of 
prohibited substances.  In addition to the problem of certifiers who may incorrectly deny 
certification, some organic farmers sign contracts for low level GM presence, e.g., Gerber Foods’ 
0.90% GM content (Pew Initiative on Food and Biotechnology 2006), other organic growers can 
have GM content and still be sold in the US under the USDA “Organic” seal. Even Whole Foods 
Markets recognizes tht organic food is not 100% non-GM, and it does not make a “GE-Free” 
claim on any of its food. The company also acknowledges that national-brand products old at 
Whole Foods Markets may contain GM ingredients (Pew Initiative on Food and Biotechnology 
2006).  
When organic farmers sign contracts with processors for organic produce that permit 
lower levels of non-organic material than the USDA’s organic standard, e.g., 0.9% GM presence, 
there is real risk that they cannot meet the terms of the contract. Presumably, they do this 
because they expect to obtain a price premium for these products. Legal experts suggest that they 
should expect to bear the risk of default. This is a policy that has been present in US contracting 
for generations (McHughen and Kershen 2005, Kershen 2012). However, organic producers may 
see things differently.  
 Adventitious presence of GMOs in organic products is likely to occur for one of three 
reasons. First, adventitious presence might occur in the transport system due to commingled 
products that have lost their identity. Here, handlers lose value when the GM content of organic 
produce exceeds a contractually-specified threshold level and the product must be sold as a 
conventional product. Second, action of wind and flight of pollinators might carry pollen of GM 
cross-pollinated crops from one or more farms to those of nearby organic-farmers’ fields 
growing the same crop. Now organic/nonGMO farmers might lose value if adventitious GM 
presence in their crop exceeds a processor’s threshold.  Third, volunteer plants in years following 
in-blown GM pollen could also create adventitious presence in organic produce. This is most 
serious when the same crop is grown in succeeding years. When different crops are grown in 
rotation, a simple screening process can physically separate the products. The concern for inter-
farm pollen drift is greatest for open-pollinated crops, such as corn, because there is a pollen 
cloud that rises above tasseling and flowering fields of corn, but this drift would be of minimal 
                                                          
20 In the 2008 Organic Producers Survey, only 20 percent of certified organic farmers indicated that their primary 
production challenge was production problems. A larger 37 percent reported their primary production problems as 
being regulation, 11.5 percent reported management issues and 9.1 percent reported market access (USDA: NASS 
2009). 
21 In February, 2012, a federal court dismissed a lawsuit against Monsanto brought by several thousand organic 
farmers. The organic farmers wanted protection from being sued by Monsanto for adventitious presence of GM 
material that Monsanto owns. The judge found that the plaintiffs’ allegations were unsubstantiated. Also, the judge 
found that the plaintiffs overstated the magnitude of Monsanto’s patent enforcement.      
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concern for self-pollinated crops, such as soybean (Gealy, et al. 2007). Pollination from 
volunteer plants is also likely of greater concern for corn than soybean.  
Adventitious presence and environmental issues associated with Roundup Ready® alfalfa 
have been a sensitive issue with some US farmers, e.g., those producing organic alfalfa hay (a 
perennial crop) and organic dairy farmers who feed organic alfalfa hay to their cows, over the 
past six years, especially in California. Alfalfa hay is high quality forage for ruminant animals 
because of its high protein and mineral content. In large organic dairies of California, where 
pasture forage is limited, farmers have been feeding large amounts of alfalfa hay to confined 
dairy cows as a substitute for pasture grazing. Hence, organic alfalfa hay has been in high 
demand there (McBride and Greene 2009). 
In April 2004, Monsanto (and Forage Genetics International) filed a petition with APHIS 
requesting nonregulatory status (deregulation or approval) of two alfalfa biotech events, which 
were genetically engineered for resistance to the herbicide glyphosate.  APHIS assessed plant 
pest risks posed by these HT alfalfa events and prepared an Environment Assessment, 
identifying any environmental impacts. In an announcement filed in June, 2005, APHIS advised 
the public that these HT alfalfa events did not pose a plant pest risk and were no longer 
considered regulated, i.e., Monsanto could sell seed for these HT alfalfa varieties to farmers.  
Approximately nine months later, a group of organic alfalfa growers and several other 
associations filed a lawsuit in the US District Court for Northern California that challenged 
APHIS’ decision to deregulate HT alfalfa. In February, 2007, the Court issued an opinion finding 
that the APHIS Environment Assessment failed to consider certain environmental and 
interrelated economic impacts adequately, and the approval for marketing GM alfalfa was 
overturned. The Court was convinced by the organic-alfalfa interests that APHIS’s earlier 
Environmental Assessment failed to adequately analyze the possibility of gene transmission from 
HT alfalfa and conventional and organic alfalfa, which could occur through cross-pollination and 
adventitious seed mixing.  
This occurred even though most alfalfa is grown for hay, which is harvested significantly 
before seed-set and seed-maturation. Hence, low risk exists for cross-pollination between HT 
alfalfa cut for hay and organic alfalfa grown for seed.22 In many areas, the growing-harvesting 
cycle for alfalfa hay is about 40 days, and it might be possible for farmers with organic alfalfa to 
establish different dates for growing-harvesting cycles for their alfalfa, relative to that of farmers 
growing HT alfalfa for hay. This would greatly reduce the probability of cross-pollination of 
organic alfalfa by HT alfalfa if seed production is of interest (Van Deynze, et al. 2008). Under 
normal growing conditions and with an organic production plan in place, organic alfalfa hay 
seems highly likely to meet the USDA’s organic standard.  
Additional concerns expressed by organic-alfalfa interests were that deregulation of HT 
alfalfa could contribute to the development of glyphosate resistant weeds, failure by APHIS to 
consider the cumulative impacts of deregulating numerous glyphosate resistant crops on weed 
                                                          
22 Alfalfa plants can only be pollinated by insects, i.e., various kinds of bees that carry pollen and not by wind- 
blown pollen (Van Deynze, et al. 2008). 
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resistant, and in adequate analysis by APHIS of whether the deregulation of HT alfalfa would 
result in increased use of glyphosate (Smith 2011).23 
APHIS prepared a new Environmental Impact Statement and released a draft of its report to the 
public. After considerable legal and regulatory deliberations, APHIS announced on January 27, 
2011, it’s decision to grant nonregulatory (deregulate or approve) status for HT alfalfa, and on 
February 2, 2011, APHIS published a notice in the Federal Register announcing the decision to 
deregulate HT alfalfa based on the findings of the Final Environmental Impact Statement 
published in December, 2010 (Smith 2011, USDA: APHIS 2011). Hence, HT or Roundup 
Ready® alfalfa can now be sold by Monsanto and planted by US farmers.  
                                                                                                                                                                          
Segregation, Coordination and Identity Preservation 
 
Although US organic producers’ problems due to adventitious presence of GMOs could 
be solved by banning GMOs, this is politically unlikely with the 500:1 advantage of GM over 
organic in the big three field crops. Also, HT alfalfa seems to have passed a critical judicial test 
in the United States.24  With co-existence, attention must turn to well known methods for 
minimizing gene flow and accidental mixing of seeds of distinct plant species.  For example, in 
seed-production, seed-field isolation is a well established and widely used practice to restrict 
gene flow (Bradford 2006, Gumina 2006). Physical means such as field isolation, buffer strips, 
differential planting or harvesting dates, and crop rotation can significantly reduce the 
probability of gene flow from GM to organic crops. For example, for many years, Pioneer had an 
isolation standard for seed corn of 660 feet from other corn, but in 2006, it started using isolation 
distances up to 2 miles to meet seed-market specifications (Gumina 2006). Plus, Pioneer 
regularly isolates by choosing planting or expected pollination dates that are different from 
surrounding corn.  In some cases, Pioneer uses extreme geographical isolation, which is quite 
expensive, by taking seed-corn production to the Island of Oahu in Hawaii and out of the US to 
countries where GM crops are not grown, to obtain seed with very low GM content.  
However, as seeds are multiplied to increase their quantity for sale, it is increasingly 
difficult to eliminate every off-type or volunteer plant or every weed, so the standards for 
certified seed are less stringent than for foundation seeds. Specific thresholds for undesirable 
materials in seed are established for each crop and type of undesired component. However, under 
seed certification, small amounts of impurity are tolerated, except for seeds of prohibited weeds. 
The impurity threshold and purity standards and auditing procedures have been established, 
based on field level experience and intended use of seed (Gealy, et al. 2007, Christensen, et al. 
2005).   
Distances between organic and non-organic fields many not need to be all that large and 
still provide a low probability of inter-field cross-pollinations. For example, Ripplinger et al. 
(2009) used real data to develop a simulation model of pollen flow for corn under plausible 
central Iowa conditions. They show that for a seemingly small tolerance level of 1 in 1,000 
(0.1%), the probability of detectable GM pollen flow from a 40-acre field one-half mile 
downwind with uncoordinated pollination across fields is 0.0024 (or 0.24%). At a distance of 
0.75 miles or higher, the probability is negligible. With staggered planting and pollinating dates 
                                                          
23 Alfalfa has no compatible weedy relative in the United States (Van Deynze, et al. 2008). 
24 Political solutions will be discussed in a later section of the paper. 
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for GM- and organic-corn, which is a type of segregation, the probability of detecting pollen at 
0.5 mile drops considerably. 
Co-mingling of organic and GM seeds for a specific crop can also occur due to incomplete 
cleaning of planting and harvesting equipment, grain trucks, railcars, barges and ships and from 
accidental mixing. Hence, actions can be taken to segregate grain, and coordinate and identity 
preserve seed. To insure a high degree of purity, separate grain channels for organic and non-
organic crops, and strategic sampling and testing of organic grain for unapproved products, e.g., 
GM residuals, pesticide residuals, etc., are required. However, the marginal cost of identity 
preservation increases dramatically as the required degree of purity increases; higher for seed 
than bulk commodities (Bullock, Desquilbet and Nitsi 2000).25 Hence, zero thresholds are 
biologically and economically infeasible for either seed or bulk commodities.   
                                                                                                                                                                                                                                                     
Inter-Farm Effects Sometimes Lead to Legal Problems 
 
The problems associated with inter-farm pollen transfer (drift or by pollinators) arise from weak 
property rights on the air above agricultural land when airborne agricultural particles can easily 
move by the force of the wind and by the wings of pollinators from one farm to other farms or by 
pesticide that drifts from one farm to an adjacent farm.26  Legal precedence dealing with pollen 
drift from GM to organic farms has been slow to evolve in the US (see for example, Flood 
(2003) and Cox (2008)). One legal precedent comes from the related problem created by cattle 
wandering from their owner’s farm onto another farm and damaging crops. Here, the liability is 
sometimes assigned one way, and in other cases, another way (e.g., see Ellickson (1986)). 
 
In another US court case, Langan v. Valicopters (Langan v. Valicopters, Inc. 1997), an 
organic farmer sued to recover for crop damages allegedly resulting from the defendant’s 
spraying of herbicide, which, drifted onto the neighboring organic farmer’s field and ruined the 
crop. The court raised a number of issues before reaching it decision. The Langan court 
concluded that crop dusting involves a high degree of risk of harm because of three “uncertain 
and uncontrollable factors: (1) the size of the dust or spray particles; (2) the air disturbances 
created by the [implicating aircraft]; and (3) natural atmospheric forces.” The court also quoted 
an article about crop dusting that noted “it is impossible to eliminate drift with present 
knowledge and equipment. The problem of drift is reduced but not eliminated by the use of 
helicopters.” See Flood (2003). 
The court also emphasized the gravity of harm “depends upon what adjoining property 
owners do with their land.” Organic farming is particularly susceptible to the dangers of 
pesticide drift. The Langan court briefly noted that the same factors that created a high degree of 
risk of pesticide drift—size of spray particles, air disturbances, and natural atmospheric forces—
was impossible to eliminate by the exercises of reasonable care. The court also noted that the use 
                                                          
25 With channeling, there is likely to be significant opportunity cost of underutilized storage, lost grind margins and 
lost spread opportunities (Kalaitzandonakes and Magnier 2004).     
26 Beckmann, Soregaroli and Wesseler (2011) present an economic model of government regulation of agricultural 
technologies as one method of managing co-existence between GM and non-GM interests. Assignment of property 
rights, liability and transactions costs are important in their solutions.  
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of helicopters could reduce the problem of chemical drift, but could not eliminate the risk 
entirely.  
 In exploring whether crop dusting is a common farming activity, the Langan court relied 
on the Restatement’s definition that “[a]n activity is a matter of common usage if it is 
customarily carried on by the greater mass of mankind, or by many people in the community.” 
The Langan court somewhat summarily concluded that although crop dusting is prevalent, “it is 
carried on by only a comparatively small number of persons and is not a matter of common 
usage.” In addition, the Langan court summarily concluded that, “given the nature of organic 
farming, the use of pesticides adjacent to such an area must be considered an activity conducted 
in an inappropriate place.” Finally, the Langan court concluded that spraying pesticides is a 
valuable activity because it helps control weeds and pests, thereby increasing food production. 
However, the court thought that the more appropriate question to ask was, “Who should bear the 
loss caused by the pesticides?”  In 1977, the court concluded that the plaintiffs were faultless, 
innocent victims of chemical drift who were made to suffer, while the defendants profited from 
crop spraying. In this case, the court concluded that the appellants were required to pay for the 
damage of the pesticide drift, a strict-liability interpretation of the law (Flood 2003). 
Strict-liability suits in the US are likely difficult to prove for pollen drift. As noted above, 
GM pollen drifting onto an organic farmers’ corn could come from a number of farms, so it may 
be difficult to identify the specific source. Moreover, some state courts have required that the 
plaintiffs in pesticide drift cases to prove negligence, and the same could occur for pollen drift. 
In addition, GM crops are living uncontrolled natural organisms, and recognizing this fact, the 
courts have concluded that even if a farmer’s “crop expressed itself all over the neighbor’s fields 
may not result in liability.”  
This case also can be used for insights on liability for GM pollen drift (Flood 2003). 
Pollen, like pesticide, is invisible to the naked eye, and pollen, like pesticide, can drift long 
distances by natural atmospheric forces such as wind or insect pollinators. An interesting factor 
in these cases is the concept of whether an activity is a matter of commons usage” (Flood 2003). 
 However, US farmers seldom bring lawsuits against one another in these cases. 
Although California passed a law (AB 541) in September, 2008, which established the right of 
farmers/landowners to pursue compensation for economic losses due to GM plant contamination 
of their crop, it remains unclear whether anyone has been paid damages or if the law is 
constitutional. Moreover, federal regulations may preempt states from attempting to assign 
special liability rules or bar GMO production altogether. This could occur because federal 
regulatory agencies have repeatedly concluded that the use of GM technology does not create 
special health or environmental risks (Lasker 2005). Hence, these state laws may be 
unenforceable because they are contrary to federal law. 
 Even if anti-GMO ordinances were legal, participants may choose not to use the legal 
system in an evolving property right area in order to reduce legal expenses and to maintain 
complex continuing relationships that enable them to enforce informal norms of behavior among 
neighboring farmers (Kershen 2012).  
Although recipients of unwanted GM pollen drift may have the right under the law to sue for 
damages associated with drift, no documented evidence exists that they have pursued this right 
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via the legal system. One reason is that adventitious presence is, in almost all cases, at very low 
levels. Even if it were at a higher level, organic farmers may be concerned about the “complex 
continuing relations with neighbors” that enforce informal norms in US agriculture.  In some 
cases, producers who specialize in organic production may have decided that the transaction 
costs associated with the legal enforcement of their property rights, as well as those associated 
with the loss of goodwill among neighboring farmers, exceed the damages that are caused by the 
pollen flow. Moreover, the USDA has been slow to intervene in these problems.  
                                                                                                                                              
Insurance against Uncertain Events 
 
Uncertainty about adventitious presence of GMOs could be managed through an insurance 
product.  Organic farmers might claim loses due to some farmers growing GM crops. A popular 
topic is pollen drift due to the wind and pollinators (bees), which carry pollen from GM, cross-
pollinated crops onto nearby organic farmers’ fields. For example, this is a major concern for 
corn because there is a pollen cloud that rises above fields of corn at the time of tasseling and 
pollinating. Pollen drift is of a much lesser concern for self-pollinated crops, e.g., soybean and 
canola. But, even when outcrossing is low, a tiny amount of pollen transfer may occur through 
wind or pollinators. 
 
Ripplinger et al. (2009) provide a model that can be adopted to show the fair market 
value of an insurance product that would compensate organic farmers from adventitious presence 
of GM content of organic produce that is above an acceptable threshold. First-party insurance 
would insure the loss but not get involved in the morass of third-party liability, and would be 
much less costly in terms of litigation, uncertainty of recovery, and appropriate level of coverage 
(Kershen 2012). The risks can be compared against economic benefits associated with the 
production of GM crops. The use of a fairly-valued insurance product allows one to compare 
risks against benefits by putting a dollar value to the risks. This helps bridge a divide between 
biological scientists, who tend to focus on risks versus benefits of an activity, and economists, 
who focus on costs versus benefits. In addition, an insurance pricing model solves a technical 
problem—the wind and pollinators can carry pollen long distances if conditions, e.g., wind, 
temperatures, are right. Hence, it is difficult to identify the exact source of inter-farm pollen drift. 
The problem is solved by insuring against adventitious presence levels in excess of a threshold or 
tolerance level. See the above discussion of Ripplinger et al. (2009), for an example of how data 
on pollen drift for corn might be used in developing an insurance product.  
Another reason for foregoing legal recourse for pollen drift is that case law on 
agricultural issues tends to protect the dominant local farming technology. If a location is one 
where GM farming systems are the dominant local technology, GM farmers are unlikely to be 
held liable for GM pollen drifting onto local organic farms.  
Although the frequency of organic farming is growing in the United States, GM farming 
is growing more rapidly in most areas. The dominant practices (for corn, soybean, cotton, alfalfa, 
sugar beet and canola) will be GM and conventional farming methods, and, hence, organic 
farmers are likely a minority in most areas. Organic farmers are unlikely to be able to prove 
negligence in GM pollen drift cases (Flood 2003). This might turn on who has responsibility for 
pursuing cultural and biological practices to prevent pollen drift, e.g., establishing buffer zones, 
strategic planting dates, planting trees and shrubbery to reduce the probability and amount of 
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GM pollen drifting onto their organic fields. A cheaper and more certain alternative might be to 
purchase insurance against GM pollen drift. The main reason to purchase insurance is the 
uncontrollable nature of living organisms. With insurance, organic farmers would receive an 
insurance payment for demonstrated loses from in-coming GM pollen.  
In response to various economic, legal and biological realities, including recognition that zero 
presence of GMOs in organic products is infeasible in the US, certain regions might tend to 
concentrate in the production of GM (and conventional) crops and others in organic crops (and 
livestock). When GM and organic crop production are separated geographically, identity 
preservation costs can be expected to decline substantially. This could dramatically reduce the 
probability of GM pollen drift onto organic fields. In addition, courts might declare organic 
agricultural methods as the dominant farming technology, and provide some areas where court 
decisions are favorable to organic farms.  However, efforts to make areas of the United States 
“GMO free” have been fiercely resisted by (non-organic) farmers and the biotechnology 
industry, so a lower degree of specialization may be more realistic.   
                                                                                                                                                                                   
Local Initiatives on Anti-GM and Pro-GM Ordinances and Preemptive State Legislation  
                            
Since 2004, a number of local areas in the US, e.g., counties or towns, have taken votes on anti-
GM ordinances and on pro-GM resolutions.  The majority of these activities have been in 
California. Mendocino County was the first jurisdiction in the US to pass an anti-GM 
ordinance.27 The ordinance, entitled Measure H stated that it is “unlawful for any person, firm, or 
corporation to propagate, cultivate, raise, or grow genetically modified organisms in Mendocino 
Country,” and it passed in a referendum on March 2, 2004.  The measure defined transgenic 
organisms as dependent on biotechnology, as opposed to traditional methods of selective 
breeding.28  However, the ordinance only applied to unincorporated areas of the county, with 
city, state, federal and tribal lands exempt from the ordinance.  Moreover, the goal of the 
ordinance seems to have been to make it harder for seed companies to sell genetically engineered 
seed to local farmers, but not necessarily to eliminate all GMOs in the country (Wikipedia 2012). 
 
Over 2004-2005, a total of five additional California counties held an anti-GMO 
referendum—Marin, Butte, Humboldt, San Luis Obispo and Somona—but the ordinances passed 
only in Marin (and previously in Mendocino) County (table 3). In Trinity and Santa Cruz, the 
local County Board of Supervisors voted in favor of an anti-GM ordinance in 2006.  Lake and 
Monterey Counties have pending an anti-GMO referendum. In contrast, eleven CA countries 
have voted in favor of a pro-GMO resolution (table 3). Moreover, figure 5 shows the 
geographical location of California counties voting in favor of anti-GMO and pro-GMO 
ordinances or resolutions. In the San Joaquin Valley where most of California’s corn and alfalfa 
are grown, the pro-GMO resolution has passed.  Sacramento County grows some corn and 
alfalfa, but it has not taken action on either an anti-GMO ordinance or a pro-GMO resolution.  In 
                                                          
27Since the 1970s, Mendocino has been a bastion of rural counter-culture where many liberal activists and members 
of the CA’s hippie generation led a back to the land movement. Social forces that surfaced during the conflict 
around the vote on the ordinance were embedded in localized rural values of stewardship and decentralization. Also, 
the local organic farming community advocated for the right to make fundamental decisions about which direction 
the local agricultural economy was going to go. There was a major local cultural identity issue involved. 
28 It did exclude micro-organisms from the prohibition. 
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Monterey County, where no field crops are produced, an anti-GMO ordinance is under 
consideration. 
In New England, towns serve a similar role as counties do in other areas of the United 
States.  The Town of Montville, Maine, area 42.6 square miles, voted to approve an anti-GMO 
ordinance in 2008. The ordinance states that it is unlawful for a person, partnership, firm, or 
organization of any kind to produce genetically modified organisms in the Town of Montville for 
a period of ten years. However, existing producers using GMOs were grandfathered in. They 
could not expand GMO area and must phase out GMO production over the next two years. 
Possible cross-contamination of native plants and trees with GMOs was a major issue stated in 
the purpose for the ordinance. 
As a result of actions taken by Mendocino and Marin Counties, a number of states are 
subsequently introducing legislation that would preempt local cities, counties, towns or other 
subdivisions from enacting an ordinance, regulation or policy on the sale of seed that is in 
conflict with state legislation (including restricting the sale of seed for GMOs). For example, in 
2005, Dean Florez, then state senator from the Central Valley in California, introduced a 
preemptive state-government bill prohibiting counties from banning GMOs, but it did not pass. 
 By December 2007, twenty other state legislatures had introduced preemptive legislation 
and fifteen had passed it, including Florida, Georgia, Pennsylvania, Ohio, Indiana, Michigan, 
Iowa, Texas, Oklahoma, Kansas, South Dakota and North Dakota (see figure 6). In addition to 
California, three states (Nebraska, Missouri, and South Carolina) vetoed preemptive legislation 
(Environmental Commons 2007). Even in states where preemptive legislation failed, local 
ordinances restricting the production and sale of GMOs may violate federal laws. The reason 
being that the US regulatory system has approved the release of a number of GM crops, 
including corn, soybean, cotton, canola and alfalfa for production anywhere in the United States. 
Politics are clearly part of the issue behind efforts to legislate a particular type of 
agriculture into or out of existence. These initiatives can best be viewed as interest-group 
politics, i.e., where privately interested individuals divide themselves into two groups—those 
who favor an issue and another that opposes. Then, the two groups compete to pass (not pass) an 
anti-GM ordinance, pro-GM resolution, or legislating responsibility for buffer zones between 
organic and other farming types. Interest-group politics is not about attempting to achieve “social 
good,” but instead is about the relative political strength of opposing interest groups in deciding 
political outcomes. Political strength is determined by the size of a group, which is related to 
voting and resources that can be allocated to a cause, homogeneity of interests within a group, 
which makes consensus easier, and the ability of the leadership of a group to control free-riding 
(Olson 1965, Sandler 1997). Free-riding arises when an individual tries to rely on the efforts of 
others to attain a goal, and, to the extreme, no effort is exerted toward the goal.  Interest groups 
are also sometimes viewed as “rent seeking,” i.e., trying to channel public resources into private 
gain.  
Conclusions 
Few things affect humans at a more elemental level or are more emotionally-laden than 
food. The tensions between organic and other farming methods in the United States have 
heightened with the introduction of GM crops, given the approved methods/processes and 
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substances that the organic industry chose to lobby for in implementing the US’s Organic Food 
Act of 1990. There is exasperation on both sides, with both camps continuing to talk past each 
other, restating positions rather than listening and seeking common ground and compromise. 
There is a feeling that they can learn nothing from each other, and a reluctance to let go of the 
idea that their side will ultimately “win.”             
 While organic farming is growing in the US, GM farming is growing even more rapidly 
in most areas. The quantity of farmland under organic agricultural management constitutes only 
5.3% of all agricultural lands, and is dwarfed by the acreage under GM production. Given the 
economic benefits to modern farming practices for large-scale commercial farms—barring some 
unforeseen calamitous event—GMOs are here to stay and will continue to expand for the 
foreseeable future. 
For some, organic food production and organic foods have become a religion—strong on 
beliefs about benefits but weak on scientific support. The organic seed industry in the US seems 
to have exaggerated the potential for negative consequences for them from adventitious presence 
of GM materials. However, the biotech industry has also underestimated the potential for 
evolving weed resistance to Roundup®. With any pesticide, resistance is a well know scientific 
phenomena. It is not an issue of if, but rather when will resistance occur. Society has 
undervalued Bt technology by focusing on the benefits versus risks rather than on benefits versus 
costs. The problem is that non-economists have largely ignored the high cost to society of the 
very toxic nature of the alternative chemical insecticides and technologies that Bt technology 
replaces—which is a sizeable benefit to GM technology. 
 The potential exists for organic agriculture to concentrate in some areas of the US and 
GM and conventional agriculture in other areas without pursuing the devise politics of trying to 
legislate a particular type of farming method for any area. Other farming interests have pursued 
this strategy and local agriculture has largely accepted them. This has the potential to reduce 
some of the direct conflicts between the users of the two technologies, but facilitate needed long-
term adjustments. 
 GM advocates must also be cognizant of the very real threat that GMO presents to the 
livelihoods of the organic farmers. Controlling contamination of organic famers’ fields from 
pollen drift will become more and more difficult as GMO use spreads. As noted above, when 
GM and organic crop production are separated geographically, identity preservation coasts can 
be expected to decline substantially. An insurance product that compensates organic farmers 
from adventitious presence of GM content of organic produce will help them economically, but 
will need to come from a fund so that GM suppliers are not penalized in the process.  
 The general public’s lack of scientific knowledge, the highly technical nature of genetic 
research, and the need to keep trade secrets all conspire to separate the organic and biotech 
groups into adversarial groups. Activities that are normal, accepted and necessary are in GMO 
realm, such patenting genes, are viewed as bizarre and hostile to those on the organic side and to 
many outsider. The common nondisclosure practices necessary to protect patentable inventions 
are viewed as suspiciously secret, and concepts such as “substantially equivalent” are seen as 
scientific double-talk, reinforcing an unnecessary sense that companies are hiding results to the 
public’s detriment. On the other side, “organic” can be misconstrued because it only describes a 
federally regulated and defined set of production methods and has nothing to do with the 
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intrinsic quality of the product, but for some organic produces and consumers it has become 
much more—a way of life. Even basic concepts are misunderstood in a country where scientific 
literacy seems to be declining even as scientific research becomes more complex and products 
more prevalent. 
 To feed the world’s population better over the next 40 years, public and private R&D are 
needed to develop new technologies and to better understand existing technologies, including 
any special problems they raise. Farmers (and countries) are going to need flexibility in their 
choices of future farming technologies. Agriculture has had a long history of benefitting from 
advances in science and technology, and we expect this to continue in the future. Consumers in 
poor countries cannot afford unduly costly farming methods when other alternatives exist. 
Institutions should be in place that discourages divisive interest-group politics on agricultural 
technology choice. 
.   
32 
 
References 
Alcamo, I. E. DNA Technology. 2nd. San Diego, CA: Harcourt Academic Press, 2001. 
Allison, Melissa. "Questions Remain About Organic Foods Grown in China." The Seattle Times. January 
10, 2012. 
http://seattletimes.nwsource.com/html/businesstechnology/2017179239_organic08.html 
(accessed January 18, 2012). 
Basker, Dov. "Comparison of Taste Quality Between Organically and Conventionally Grown Fruits and 
Vegetables." American Journal of Alternative Agriculture 7, no. 3 (1992): 129-136. 
Beckmann, Volker, Claudio Soregaroli, and Justus Wesseler. Coexistence of Genetically Modified (GM) 
and Non-Modified (non-GM) crops: Are the Two Main Property Rights Regimes Equivalent with 
Respect to the Coexistence Value? Vol. 10, in Genetically Modified Food and Global Welfare 
(Frontiers of Economics and Globalization), edited by Colin A. Carter, GianCarlo Moschini and Ian 
Sheldon, 201-224. Bingley: Emeralod Group Publishing Limited, 2011. 
Behar, Harriet. An Overview of the Access to Pasture Rule on Organic Dairy Farms. August 3, 2010. 
http://www.extension.org/pages/28875/an-overview-of-the-access-to-pasture-rule-on-organic-
dairy-farms (accessed January 17, 2012). 
Benbrook, Charles, Xin Zhao, Jaime Yáñez, Neal Davies, and Preston Andrews. "New Evidence Confirms 
the Nutritional Superiority of Plant-Based Organic Foods." The Organic Center. March 2008. 
http://www.organiccenter.org/reportfiles/Nutrient_Content_SSR_Executive_Summary_FINAL.p
df (accessed January 2012). 
Bennett, P. M., C. T. Livesey, D. Nathwani, D. S. Reeves, J. R. Saunders, and R. Wise. "An Assessment of 
the Risks Associated with the use of Antibiotic Resistance Genes in Genetically Modified Plants: 
Report of the Working Party of the British Society for Antimicrobial Chemotherapy." Journal of 
Antimicrobial Chemotherapy 53, no. 3 (2004): 418-431. 
Bradford, Kent J. "Methods to Maintain Genetic Purity of Seed Stocks." University of California: Division 
of Agriculture and Natural Resources. 2006. http://ucanr.org/freepubs/docs/8189.pdf (accessed 
January 19, 2012). 
Bullock, David S., Marion Desquilbet, and Elisavet Nitsi. "The Economics of Non-GMO Segregation and 
Identity Preservation." Paper for the American Agricultural Economics Association Annual 
Meeting, Tampa, FL, 2000. 
Carter, Colin A., and Aaron Smith. "Estimating the Market Effect of a Food Scare: The Case of Genetically 
Modified StarLink Corn." Review of Economics and Statistics 89 (2007): 522-533. 
CCOF. About CCOF. 2010. http://www.ccof.org/about.php (accessed 2011/2012). 
33 
 
Cholette, S., and S. Jog. Farmers' Markets: Addressing the Carbon Footprint Dilemma. San Francisco 
State University, 2011. 
Christensen, Paul J., Manjit K. Misra, Satish Rai, Yuh-Yuan Shyy, and Jeffrey D. Wolt. Confined Production 
Processes for Non-Food Corn. Ames, IA: Biosafety Institute for Genetically Modified Agricultural 
Products, Iowa State University, 2005. 
Colson, Gregory J., Wallace E. Huffman, and Matthew C. Rousu. "Will Consumers' Pay More for Product 
Enhanced Attributes: Evidence from Food Experiments." Journal of Agriculutral and Resource 
Economics 36 (August 2011): 343-364. 
Commission of the European Communities. "Report from the Commission to the Council and the 
European Parliament on the Coexistence of Genetically Modified Crops with Conventional and 
Organic Farming." Commission Report, Brussels, Belgium, 2009. 
ConsumerReports. Texas State Dept of Agriculture - Certified Organic. 2003. 
http://www.greenerchoices.org/eco-labels/label.cfm?LabelID=78 (accessed 2011/2012). 
Cox, Stephanie E. "Genetically Modified Organisms: Who Should Pay the Price for Pollen Drift 
Contamination?" Drake Journal of Agricultural Law, 2008: 401-418. 
Dangour, Alan D., Sakhi K. Dodhia, Arabella Hayter, Elizabeth Allen, Karen Lock, and Ricardo Uauy. 
"Nutritional Quality of Organic Foods: A Systematic Review." American Journal of Clinical 
Nutrition 90 (July 2009): 680-685. 
Darby, Michael R., and Edi Karni. "Free Competition and the Optimal Amount of Fraud." Journal of Law 
and Economics 16, no. 1 (1973): 76-88. 
Dettmann, Rachael L., and Carolyn Dimitri. "Who's Buying Organic Vegetables? Demographic 
Characteristics of U.S. Consumers." Journal of Food Products Marketing 16 (2010): 79-91. 
Dimitri, Carolyn, and Lydia Oberholtzer. Marketing U.S. Organic Foods: Recent Trends From Farms to 
Consumers. USDA: Economics Research Service, 2009. 
Ellickson, R.C. "Of Coase and Cattle: Dispute Resolution Among Neightbors in Shasta County." Stanford 
Law Review 38 (1986): 623-687. 
Environmental Commons. 2007 Food Democracy Legislation Tracker. 2007. 
http://environmentalcommons.org/tracker2007.html (accessed January 2012). 
EurActiv and Reuters. "EU experts approve trace GM in feed imports: Official." EurActiv. February 23, 
2011. http://www.euractiv.com/cap/eu-experts-approve-trace-gm-feed-imports-official-news-
502442. 
34 
 
EuropaBio. "Which GM crops and products can be imported into the EU?" EuropaBio. 2011. 
http://www.europabio.org/which-gm-crops-and-products-can-be-imported-eu (accessed 
December 2011). 
Fernandez-Cornejo, Jorge, and William D. McBride. "Adoption of Bioengineered Crops." Agricultural 
Economics Report, no. 810 (May 2002). 
Fillion, Laurence, and Stacey Arazi. "Does Organic Food Taste Better? A Claim Substantiation Approach." 
Nutrition and Food Science 32, no. 4 (2002): 153-157. 
Flood, Carie-Megan. "Pollen Drift and Potential Causes of Action." Journal of Corporation Law, 2003: 
473-497. 
Gabriel, Doreen, Steven M. Sait, Jenny A. Hodgson, Ulrich Schmutz, William E. Kunin, and Tim G. Benton. 
"Scale Matters: The Impact of Organic Farming on Biodiversity at Different Spatial Scales." 
Ecology Letters 14, no. 7 (July 2010): 858-869. 
Gatehouse, Angharad M. R., Natalie Ferry, and Romaan J. M. Raemaekers. "The Case of the Monarch 
Butterfly: A Verdict is Returned." Trends in Genetics 18, no. 5 (May 2002): 249-251. 
Gealy, David R., et al. Implications of Gene Flow in the Scale-up and Commercial Use of Biotechnology-
derived Crops: Economic and Policy Considerations. Issue Paper, Ames, IA: CAST, 2007. 
GMO Compass. "New Labelling Laws: What Has Changed?" GMO Compass. December 15, 2005. 
http://www.gmo-
compass.org/eng/regulation/labelling/93.new_labelling_laws_gm_products_eu.html. 
Greene, Catherine, and Katherine Smith. "Can Genetically Engineered and Organic Crops Coexist?" 
Choices: The Magazine of Food, Farm and Resource Issues, 2nd Quarter 2010. 
Greene, Catherine, Carolyn Dimitri, Biing-Hwan Lin, William McBride, Lydia Oberholtzer, and Travis 
Smith. "Emerging Issues in the U.S. Organic Industry." USDA: ERS Economic Information Bulletin 
No. 55, June 2009. 
Gumina, Mike. "Peaceful Coexistence." Peaceful Coexistence Among Growers of Genetically Engineered, 
Conventional, and Organic Crops - Summary of a Multi-Stakeholder Workshop. Boulder, CO: Pew 
Initiative for Food and Biotechnology, 2006. 24-26. 
Hoodes, Liana, et al. National Organic Action Plan: From the Margins to the Mainstream - Advancing 
Organic Agriculture in the U.S. Pittsboro, NC: Rural Advancement Foundation International-USA, 
2010. 
Huffman, Wallace E. Contributions of Public and Private R&D to Biotechnology Innovation. Vol. 10, in 
Genetically Modified Food and Global Welfare (Frontiers of Economics and Globalization), edited 
by Colin A. Carter, GianCarlo Moschini and Ian Sheldon, 115-147. Bingley: Emerald Group 
Publishing Limited, Howard House, 2011. 
35 
 
Huffman, Wallace E., and Robert E. Evenson. Science for Agriculture: A Long-Term Perspective. 2nd. 
Ames, IA: Blackwell Publishing, 2006. 
Hunter, Duncan, Meika Foster, Jennifer O. McArthur, Rachel Ojha, Peter Petocz, and Samir Samman. 
"Evaluation of the Micronutrient Composition of Plant Foods Produced by Organic and 
Conventional Agricultural Methods." Critical Reviews in Food Science and Nutrition 51, no. 6 
(June 2011): 571-582. 
Hutchison, W. D., et al. "Areawide Suppression of European Corn Borer with Bt maize Reaps Savings to 
Non-Bt Maize Growers." Science 330, no. 6001 (October 2010): 222-225. 
IFOAM. About the International Federation of Organic Agrculture Movements. 2009. 
http://ifoam.org/about_ifoam/index.html (accessed 2011/2012). 
James, Clive. "Global Status of Commercialized Biotech/GM Crops: 2009 The First Fourteen Years, 1996-
2009." ISAAA Brief 41. International Service for the Acquisition of Agri-biotech Applications, 
2009. 
Just, Richard E., David Zilberman, and Julian M. Alston. "Biotechnology: Introduction and Overview." In 
Regulating Agricultural Biotechnology: Economics and Policy, by Richard E. Just, David Zilberman 
and Julian M. Alston, 21-36. New York: Springer Science, 2006. 
Kalaitzandonakes, Nicholas, and Alexandre Magnier. "Biotech Labeling Standards and Compliance Costs 
in Seed Production." Choices: The Magazine of Food, Farm and Resource Issues, 2nd Quarter 
2004: 1-6. 
Kershen, Drew L. Personal Correspondence (January 12, 2012). 
Kishore, G. M., S. R. Padgette, and R. T. Fraley. "History of Herbicide-Tolerant Crops, Methods of 
Development and Current State of the Art: Emphasis on Glyphosate Tolerance." Weed 
Technology 6, no. 3 (1992): 626-634. 
Klonsky, Karen. "A Look at California's Organic Agriculture Production." Agricultural and Resource 
Economics Update, Nov/Dec 2010: 8-11. 
Klonsky, Karen, and Laura Tourte. "Vegetables, Fruits and Nuts Account for 95% of Organic Sales in 
California." California Agriculture 50, no. 6 (November/December 1996): 9-13. 
Langan v. Valicopters, Inc. 88 Wn.2d 855 (1997) (The Supreme Court of Washington, En Banc, August 4, 
1997). 
Lasker, Eric. "Federal Preemption and state Anti-"GM" Food Laws." Legal Backgrounder, December 2, 
2005: 1-4. 
McBride, William D., and Catherine Greene. Characteristics, Costs, and Issues for Organic Dairy Farming. 
Economic Research Service/USDA, 2009. 
36 
 
McHughen, Alan, and Drew L. Kershen. "Adventitious Presence: Inadvertent Commingling and 
Coexistence Among Farming Methods." CAST Commentary, July 2005: QTA2005-1. 
Monterey County Agricultural Commissioner. "Report on Genetically Modified Organisms in Monterey 
County, California." January 3, 2011. 
Moschini, G. "Competition Issues in the Seed Industry and the Role of Intellectual Property." Choices: 
The Magazine of Food, Farm, and Resource Issues. 2nd Quarter 2010. 
http://www.choicesmagazine.org/magazine/print.php?article=120 (accessed 2011). 
Neuman, William, and Andrew Pollack. "Farmers Cope With Roundup-Resistant Weeds." New York 
Times. May 3, 2010. http://www.nytimes.com/2010/05/04/business/energy-
environment/04weed.html?_r=1. 
Nolan, Elizabeth, and Paulo Santos. "The Contribution of Varietal Change and Genetic Modification to 
Changes in Corn Yield in USA from 1990-2009." Department of Agricultural and Resource 
Economics, University of Sydney (University of Sydney), September 2011. 
NRC. National reseach Council, Committee on the Impact of Biotechnology on Farm-Level economics and 
Sustainability: The Impact of Genetically Engineered Crops on Farm Sustainability in the United 
States. Washington, D.C.: The National Academies Press, 2010. 
OCIA International. History. August 18, 2008. http://www.ocia.org/AboutOCIA/History.aspx (accessed 
December 2011). 
Olson, Mancur. The Logic of Collective Action: Public Goods and the Theory of Groups. Harvard University 
Press, 1965. 
Onozaka, Yuko, David Bunch, and Douglas Larson. "What Exactly Are They Paying For? Explaining the 
Price Premium for Organic Fresh Produce." Agricultural and Resource Economics Update 
(Giannini Foundation, University of California), July/August 2006: 1-4. 
Onyango, Benjamin M., William K. Hallman, and Anne C. Bellows. "Purchasing Organic Food in US Food 
Systems: A Sutdy of Attribues and Practices." British Food Journal 109, no. 5 (2007): 399-411. 
Oregon Tilth. Why Choose Oregon Tilth Certification Services. n.d. http://tilth.org/certification/why-otco 
(accessed December/January 2011/2012). 
Organic Trade Association. Protecting Organic From GE Contamination. October 2011. 
http://www.ota.com/pp/regulatory/GE.html (accessed 2011). 
Pew Initiative on Food and Biotechnology. Peaceful Coexistence Among Growers of Genetically 
Engineered, Conventional and Organic Crops. Summary of a Multi-Stakeholder Workshop, 
Bolder, CO: The Pew Charitable Trusts, 2006. 
37 
 
Prakash, Aseem, and Kelly L. Kollman. "Biopolitics in the EU and the U.S.: A Race to the Bottom or 
Convergence to the Top?" International Studies Quarterly 47, no. 4 (December 2003): 617-641. 
Ripplinger, David G., Dermot J. Hayes, A. Susana Goggi, and Kendall Lamkey. "Insuring Against Losses 
from Transgenic Contamination: The Case of Pharmaceutical Maize." American Journal of 
Agricultural Economics 91, no. 2 (2009): 322-334. 
Rosen, Joseph D. "A Review of the Nutrition Claims Made by Proponents of Organic Food." 
Comprehensive Reviews in Food Science and Food Safety 9, no. 3 (April 2010): 270-277. 
Rousu, Matthew, Wallace E. Huffman, Jason F. Shogren, and Abebayehu Tegene. "Effects and Value of 
Verifiable Information in a Controversial Market: Evidence From Lab Auctions of Genetically 
Modified Food." Economic Iquiry 45 (July 2007): 409-432. 
Sandler, Todd. Global Challenges: An Approach to Environmental, Political, and Economic Problems. 
Cambridge, UK: Cambridge University Press, 1997. 
Schmitz, Troy G., Andrew Schmitz, and Charles B. Moss. "Controversies Over the Adoption of Genetically 
Modified Organisms: Did StarLink Reduce Import Demand for Corn?" Journal of Agricultural and 
Food Industrial Organization 2, no. 6 (2004): 1-14. 
Schurman, Rachel, and William Munro. "Targeting Capital: A Cultural Economy Approach to 
Understanding the Efficacy of Two Anti-Genetic Engineering Movements." American Journal of 
Sociology 115, no. 1 (July 2009): 155-202. 
Sexton, Steven. "Does Local Production Improve Environmental and Health Outcomes?" Agricultural and 
Resource Economics Update, Nov/Dec 2009: 5-8. 
Shaw, David R., Stanley Culpepper, Micheal Owen, Andrew Price, and Robert Wilson. "Herbicide-
resistant Weeds Threaten Soil Conservation Gains: Finding a Balance for Soil and Farm 
Sustainability." CAST Issue Paper, February 2012. 
Smith, Cindy J. "Record of Decision: Glyphosate-Tolerant Alfalfa Events J101 and J163: Request for 
Nonregulated Status." USDA: APHIS. January 27, 2011. 
http://www.aphis.usda.gov/brs/aphisdocs/04_11001p_rod.pdf (accessed 2012 January). 
Smith-Spangler, Crystal, et al. "Are Organic Foods Safer or Healthier Than Conventional Alternatives?: A 
Systematic Review." Annals of Internal Medicine 157, no. 5 (September 2012): 348-366. 
Tarver, Toni. "Is The Pathway To Health Organic?" Food Technology, March 2012. 
Taylor, Richard D., Eric A. DeVuyst, and Won W. Koo. Potential Impacts of GM Wheat on United States 
and Northern Plains Wheat Trade. Agribusiness & Applied Economics Report 515, North Dakota 
State University, Department of Agribusiness and Applied Economics, 2003. 
The Hartman Group. "The Many Faces of Organic." Bellevue, WA, 2008. 
38 
 
U.S. Code. "Federal Organic Food Production Act of 1990: Including Amendments as of January 1, 2004." 
2004. 
U.S. EPA. Agriculture: Organic Farming. October 20, 2011. http://www.epa.gov/agriculture/torg.html 
(accessed 2011/2012). 
Uchtmann, Donald L. "StarLink™ - A Case Study of Agriculutural Biotechnology Regulation." Drake 
Journal of Agricultural Law 7 (2002): 159-211. 
USDA: AMS. National List of Allowed and Prohibited Substances. 12 22, 2011. 
http://www.ams.usda.gov/AMSv1.0/ams.fetchTemplateData.do?template=TemplateJ&leftNav=
NationalOrganicProgram&page=NOPNationalList&description=National%20List%20of%20Allowe
d%20and%20Prohibited%20Substances&acct=nopgeninfo (accessed December/January 
2011/2012). 
USDA: AMS. "National Organic Prgram; Final Rule - 7 CFR Part 205." Federal Register 65, no. 246 
(December 2000): 80,548-80,596. 
USDA: APHIS. Biotechnology: Roundup Ready® Alfalfa Environmental Impact Statement (EIS). January 28, 
2011. http://www.aphis.usda.gov/biotechnology/alfalfa_eis.shtml (accessed January 2012). 
USDA: ERS. Adoption of Genetically Engineered Crops in the U.S. July 1, 2011. 
http://www.ers.usda.gov/Data/BiotechCrops/ (accessed 2011/2012). 
—. Organic Production. September 14, 2010. http://ers.usda.gov/data/organic/ (accessed 2011/2012). 
USDA: NASS. Census of Agriculture - 2008 Organic Survey. 2009. 
http://www.agcensus.usda.gov/Publications/2007/Online_Highlights/Organics/index.php 
(accessed March 2012). 
—. Organic Agriculture: 2007 Census of Agriculture - United States Data. 2 3, 2009. 
http://www.agcensus.usda.gov/Publications/2007/Full_Report/Volume_1,_Chapter_1_US/st99
_1_048_048.pdf (accessed 2011/2012). 
Van Deynze, Allen E., et al. Gene Flow in Alfalfa: Biology, Bitigation, and Potential Impact on Production. 
Special Publication, Ames, IA: CAST: The Science Source for Food Agricultural, and 
Environmental Issues, 2008. 
Vogt, Donna U., and Mickey Parish. "Food Biotechnology in the United States: Science, Regulation, and 
Issues." U.S. Department of State. June 2, 1999. http://fpc.state.gov/6176.htm (accessed 
January 2012). 
Waltz, Emily. "Resistance Threatens Roundup Hegemony." Nature Biotechnology 28 (2010): 537-538. 
Wesseler, Justus, Sara Scatasta, and El Hadji Fall. The Environmental Benefits and Costs of Genetically 
Modified (GM) Crops. Vol. 10, in Genetically Modified Food and Global Welfare (Frontiers of 
39 
 
Economics and Globalization), edited by Colin A. Carter, GianCarlo Moschini and Ian Sheldon, 
173-199. Bingley: Emerald Group Publishing Limited, 2011. 
Wikipedia. Mendocino County GMO Ban. February 10, 2012. 
http://en.wikipedia.org/wiki/Mendocino_County_GMO_Ban (accessed 2012). 
Wilson, William W., Edward L. Janzen, and Bruce L. Dahl. "Issues in Development and Adoption of 
Genetically Modified (GM) Wheats." AgBioForum 6, no. 3 (2003): 101-112. 
Wu, Felicia. "An Analysis of Bt Corn's Benefits and Risks for National and Regional Policymakers 
Considering Bt Corn Adoption." International Journal of Technology and Globalisation 2, no. 1/2 
(2006a): 115-136. 
Wu, Felicia. "Mycotoxin Reduction in Bt Corn: Potential Economic, Health, and Regulatory Impacts." 
Transgenic Research 15, no. 3 (2006b): 277-289. 
Yue, Chengyan, Frode Alfnes, and Helen H. Jensen. "Discounting Spotted Apples: Investigating 
Consumers' Willingness to Accept Cosmetic Damage in an Organic Product." Journal of 
Agricultural and Applied Economics 41, no. 1 (2009): 29-46. 
Zepeda, Lydia, and Jinghan Li. "Characteristics of Organic Food Shoppers." Journal of Agricultural and 
Applied Economics 39, no. 1 (April 2007): 17-28. 
Zilberman, D. The Economics of Biotechnology Regulation. Vol. 30, in Natural Resource Managment and 
Policy: Regulating Agricultural Biotechnology - Economics and Policy, by R. E. Just, David 
Zilberman and Julian M. Alston, 243-261. New York: Springer Science, 2006. 
 
  
40 
 
Figure 1. The USDA’s Organic Seal 
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Figure 2. US Retail Sales of Organic Food Products Increase from 1997 to 2008 
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Figure 3. Number by State and Rank by Certified Organic Farming Operations, Total Organic 
Acres, and Share of Organic Acres in Cropland (Pasture and Rangeland) 2008 
 
Source: Greene and Smith 2010.  
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Figure 4. US Adoption of GM Corn, Cotton and Soybean Varieties: By Trait Type, 
1996-2010 
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Figure 5. Anti-GMO ordinances in California 
 
Source: Report on Genetically Modified Organisms in Monterey County, California January 3, 2011. 
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Figure 6. US States Voting on Preemptive Action to Prevent Local Control of Seeds and Plants  
 
Source: Environmental Commons 2007. 
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Table 1. Total US Acres and Distribution Acres - GM, Organic and Conventional Production Methods,                           
by Crops, 2008___________________________________________________________________________ 
Crop_______________________________ ___Harvested Acres (1,000)______ Percentage Distribution (%) 
   
___________________________________  __Total_     GM_ 
 
Organic 
  
Other_ 
      
__GM__ 
 
Organic     _ Other 
   
Grains 
          
    Corn (all) 78,640 60,745 168 17,729 77.2 0.2 22.6 
   
    Wheat (all) 55,685 0 318 55,367 0 0.6 99.4 
   
    Oats 1,395 0 41 1,954 0 2.9 97.1 
   
    Barley 3,767 0 47 3,720 0 1.2 98.8 
   
    Sorghum 7,271 0 8 7,263 0 0.1 99.9 
   
    Rice 2,976 0 28 2,949 0 0.9 99.1 
   
    Millet 460 0 10 450 0 2.2 97.8 
   
    Rye 269 0 9 260 0 3.3 96.7 
   
Oilseeds 
          
    Soybeans 74,641 68,456 98 6,087 91.1 0.1 8.8 
   
    Sunflowers & Safflower 2,591 0 8 2,583 0 0.3 99.7 
   
    Flax 340 0 14 326 0 4.1 95.9 
   
    Peanuts 1,507 0 8 499 0 0.5 99.5 
   
Cotton 7,569 6,596 11 962 87.1 0.2 12.7 
   
Dry Beans incl. Limas 1,445 0 12 1,433 0 0.8 99.2 
   
Dry Peas & Lentels 571 0 8 563 0 1.4 98.6 
   
Hay/Haylage 39,082 0 533 38,549 0 1.4 98.6 
   
Vegetables 
         
    Carrots 100 0 8 92 0 8.0 92.0 
   
    Lettuce 361 0 35 326 0 9.7 90.3 
   
   Tomatoes 432 0 8 424 0 1.9 98.1 
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Table 1, Cont,     
Potatoes 1,149 0 8 1,141 0 0.7 99.3 
   
Fruit & Nuts 
         
    Tree Nuts 988 0 16 972 0 1.6 98.4 
   
    Citrus 856 0 9 847 0 1.1 98.9 
   
    Apples 381 0 20 361 0 5.2 94.8 
   
    Grapes 935 0 27 908 0 2.9 97.1 
   
    Berries 93 0 5 88 0 5.3 94.7 
   
Herbs, Nursery & Greenhouse 99 0 6 93 0 6.1 93.9 
   
_____________________________________________________________________________________ 
Source: Total acreage harvest of a crop: NASS, Acreage 2008 (2009). 
             Total organic acreage harvested: Census of Agriculture, 2008 Organic Production Survey. 
             Total GM acreage harvest: NASS, Acreage 2008(2009)   
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 Table 2. US Total and Certified Organic Livestock                       
and Poultry, (1,000s) and Percentage Organic, 2008____________ 
 
     __Total_ 
                                                            
Organic 
            
% Organic 
  
Livestock 
     
    Beef Cows 32,834 64 0.19 
   
    Milk Cows 9,267 250 2.70 
   
    Other Cows 54,246 144 0.27 
   
   Hogs & Pigs 65,110 10 0.02 
   
   Sheep & Lambs 6,055 7 0.12 
   
Poultry 
      
   Layer Hens 377,492 5538 1.47 
   
   Broilers 8,882,000 9016 0.10 
   
   Turkeys 262,460 399 0.15 
   
Source: USDA: ERS, “CertifiedandtotalUSacreageselectedcropslivestock.xls”  
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Table 3. Efforts to Ban the Production and Cultivation of GMOs in California 
______________________________________________________________________________           
County                         Date of Decision                 Decision                  Voting Body___________ 
A. Vote on Anti-GM Ordinances/ 
     Mendocino                 March 2004                       Yes                      Country referendum  
     Marin                            Nov. 2004                        Yes                      Country referendum 
     Butte                             Nov. 2004                          No                      Country referendum 
     Humboldt                     Nov. 2004                          No                      Country referendum 
     San Luis Obispo           Nov. 2004                         No                       Country referendum 
     Somona                         Nov. 2005                          No                      Country referendum 
     Trinity                          June 2006                         Yes                      Country Board of Supervisors 
     Santa Cruz                    June 2006                        Yes                      Country Board of Supervisors 
B. Vote on Pro-GMO Resolution  
      Fresno                         Yes 
      Imperial             Yes 
      Kern             Yes 
      Madera             Yes 
      Merced              Yes 
      San Benito              Yes 
      San Joaquin             Yes 
      Solano              Yes 
      Stanislaus              Yes 
      Sutter                           Yes 
      Tulare               Yes 
_________________________________________________________________________________ 
 
a/ Anti-GMO ordinance presently under consideration in Lake and Monterey counties. 
 
